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Abstract

While semantic web data is machine understandable and well suited for advanced fil-
tering, initsraw representation it is not conveniently understandabl e to humans. There-
fore, visualization is needed. A core challenge when visualizing the structured but het-
erogeneous data, turned out to be a flexible mapping to Visual Variables. This work
deals with a highly flexible, semi-automatic solution with a maximum support of the
visualization process, reducing the mapping possibilities to a useful subset. The basis
for thisis knowledge, concerning metrics and structure of the data on the one hand and
available visualization structures, platforms and common graphical facts on the other
hand — provided by a novel basic visualization ontology. A declarative, platform-in-
dependent mapping vocabulary and aframework was devel oped, utilizing current stan-
dards from the semantic web and the Model-Driven Architecture (MDA).




Chapter 1. Introduction

Besides the information that is stored as texts on websites that can only be retrieved by
string comparison through search engines, there is an increasing amount of structured
data in the world wide web. By the use of standardized description languages as the
Resource Description Framework [RDF] and the Web Ontology Language [OWL] this
data can be connected as part of the semantic web [BHLO1] to enable new services.

Thiswork proposesapossibility of quickly generating visualizationsfor arbitrary struc-
tured data that has been transformed to RDF, including data sources not known as
yet. Fields for visualization are: Semantic web data, product data in web shops and
auctions , Wikipedia data (especially from a semantic version), tagged data ([FlickR],
[Del.icio.ug], etc.), Personal Information Management (PIM) data about e-mails, ap-
pointments, documents, bookmarks and contacts, [Gnowsig].

Besides the life sciences, which were pioneers in the creation of semantic web content
[SamQ7], there are two fields that have the potential to offer large sets of semantic
web data: Semantic wikis and shopping systems, which will be further discussed in the
following two sections.

Semantic wikis try to benefit from the simple way of authoring wikis and use the wiki
principle to offer an easy way to collect structured data. The authoring of RDF data
could not, until now, be easily done by domain experts, but only by knowledge repre-
sentation experts. The use of semantic wikis could change that, and therefore the data
collected by them could become a major source of semantic web data.

The Semantic MediaWiki software [ Semantic Mediawiki] is an extension to the Media
Wiki [Mediawiki], used for the Wikipedia for example. It employs categories and typed
links pointing to other instances or to attributes for simple datatypes, each defined by
an article of its own. The agreement on the precise meaning of arelation or category
can be achieved viathe community process, since each reference and class hasits page.
The Semantic Media Wiki software offers the possibility of exporting its data as RDF
which can be used as input to SemVis. This is demonstrated by some of the example
data, which has been gathered from the wiki of Ontoworld" , a wiki for the semantic
web community.

Other semantic wikis exist, such as SemperWiki>. Many more have been developed
in the context of Persona Information Management. For example, Gnowsis, a Seman-
tic Desktop Environment published by the Knowledge Management Lab of the DFKI
(Deutsche Forschungszentrum fir Kinstliche Intelligenz ) integrates a Semantic Wiki,
[Gnowsig].

Ebay, Amazon and especially Google Base administrate huge amounts of structured
product data, that becomes more and more interconnected and fine grained. E.g. rela
tionships like Smilar Products are established and detailed product attributes like Sze,
Resolution, Energy Consumption for adisplay device, or Sze, Color, Material, Sex for
atextile are stored. Every product needs different attributes, only some of them can
be shared by generalized products. This allows for very convenient product search by
limiting each characteristic to a certain desired value or value range and for convenient
comparison of products, but results in very heterogeneous data. Data, as the semantic
web technologies can handle it however.

*http://wiki.ontoworld.org/wiki
http://www.semperwiki.org
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It is a characteristic of semantic web data, that it does not inherit any representation.
Data and representation are intentionally cleanly separated and hence semantic web
data always needs to be transformed and visualized, to be shown to humans. Because
of the variety of possible domains it is worthwhile offering a generic framework for
visualization.

This work is based on the experiences made with a former work on the topic Visual-
ization of Large Data Sets In 3D-Space [Pol06]. Thisformer work had some problems
whichwewant tolist here, in order to explain our motivation for building anew system.

So far the mapping behavior in the framework was hard coded into the source code. This
tight mapping of datato Visual Variables and modelsis clearly undesirable and had to
be resolved. Equally the selection of data to be displayed was hard coded and the data
(i.e. RDF data and ontol ogies) was accessed directly viathe API of an RDF repository®
instead of using a query language. Furthermore the old framework was limited to a
specific platform, [Java3D], as the only possible output platform. A fourth major issue
was the lack of any support for the definition of filtering and mapping by the system.

The new system, described in this work, is referenced to as SemVis as a working title.
SemVis tries to accomplish three main goalsin order to overcome the problems of the
old framework. These goals are an exchangeabl e and reusabl e definition of presentation
knowledge, a maximum of variability by variable platforms for the presentation and a
semi-automatism of the visualization with as much support for the user as possible.

The exchangeable, loosely coupled definition of the visualization is achieved by the
use of declarative display and mapping languages. The definition of this presentation
knowledge may, to some great extend, be reused in other visualization systems, since
standards are used wherever possible. Equally, the data repository can more easily be
exchanged, because the selection of datais done using the query language [SPARQL].

Whilethe old framework was limited to the Java3D platform, the Model-Driven Archi-
tecture[MDA] allowsfor adescription of the presentation knowledge independently of
the final visualization platform. From this description, it can generate code for several
output formats including XHTML, X3D and SVG. The user can choose from a variety
of platformsthat are described to SemVis.

SemVis does not try to offer a fully automatic visualization of arbitrary data in a do-
main-independent way. In case of afully automatic approach, as necessary for browsers
for unknown data, the visualization has to be reduced to a least common denomina-
tor, which offers little value. Based on the idea that only the user* knows the presen-
tation goals, the new framework introduces a semi-automatic approach. This requires
adding presentation knowledge, but results in specialized, custom-tailored visualiza-
tions. SemVis tries to support the user as much as possible with a pre-reduced set of
possibilities and suggests default val ues based on metrics and general graphical knowl-
edge. To enable this kind of interaction with the user, the system requires a graphical
interface.

Thiswork is structured asfollows: Chapter 2 offersageneral overview of visualization
of semantic web data to be able to categorize SemVis and compare it to existing work
from the field of graph visualization and semantic web browsers. Chapter 3 defines
requirements for a flexible visualization system to give an overview of the activities
of the different actorsin SemVis, without going into detail. The following three chap-
ters introduce necessary vocabularies for these processes. After Fresnel as a standard

*The system currently uses Open RDFs Sesame as an RDF repository [SESAME].
“The term user is used in a general way. The different actors involved are described in detail in Section 3.1.
Here the admin of a system is meant, who is familiar with the domain.




Introduction

display vocabulary for RDF is introduced, the newly created Graphics.owl ontology
(Chapter 5) and the Mapping.owl vocabulary (Chapter 6) are explained. Chapter 7 is
about the system architecture of SemVis, putting it into the context of the Model-Driv-
en Architecture and explaining the transformation steps and required knowledge of the
system. Chapter 8 shortly describes a selection of possible output formats for SemVis.
Finally Chapter 9 summarizes the improvements as well as the remaining limitations
and resulting next steps that have to be taken.




Chapter 2. Visualization of
Structured Data in General

This chapter is about the general challenges when visualizing structured data. To be
ableto categorize SemVisinto existing solutionsfor the visualization of structured data,
characteristics of visualization systems are introduced in Section 2.1 and the overall
visualization process is subdivided into subsequent steps in Section 2.2. Afterwards
existing techniquesfor the visualization of thefiltering process by the user (Section 2.3)
and for the visualization of the resulting filtered data (Section 2.4) are presented and
compared using the terms we introduced before. Section 2.5 finally puts SemVis into
the existing categories and compares it to other solutions.

2.1. Global and Local Interfaces

According to [Rut05], the visualizations of structured data, especially RDF data, can
be subdivided into those with global interfaces, those with local interfaces and those
which integrate both into one solution.

Global interfaces focus on the overview and the structure of the data. The graph visu-
alization presented in Section 2.4.1 are a good example for this.

Local interfaces concentrate on details of a particular object. The objects of interest
are linked to each other from instance to instance. This way the RDF data becomes
browseable. The popular OWL editor [PROTEGE] is a characteristic example of this
category.

A third group of visualizations provides integrated interfaces, which seamlessly con-
nect the overview with the instance view by marking the current location in the global
interface and offering orientation in the semantic space.

2.2. Steps of the Visualization Process

Based on the work of [Rut05] we consider the visualization process of semantic web
dataisthreefold, consisting of selection, structuring and aformatting step. The SemVis
mapping vocabulary contributes to the formatting part, however techniques concerning
selection, such as faceted browsing and structuring techniques such as a mechanism to
pick aspecific view on the RDF data are used by the framework aswell. Each of these
stepsis described in the following subsections.

2.2.1. Searching and Filtering (Selection)

Searching and filtering in the field of computing can be seen as the act of narrowing
down an initial set of items. Restricting the values for facets of the data then leads to
a selection of instances.

Visual possibilities for the selection process are described in Section 2.3 in detail.

Q\ O“‘-
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Figure 2.1. Selection Step (Graph to Subgraph)
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2.2.. Picking a View Point (Structuring)

The structured data, when available as RDF, represents a directed graph that must not
even be acyclic or connected and can be seen from a variety of view points. As an
example consider a knowledge base containing events and persons that areinvolved in
those events. One view could take the persons primarily and show the related events
for each of the persons. Another view could put the eventsin the center of interest and
subordinate the persons involved.

What is an advantage when searching and filtering turns out to be unuseful when dis-
playing the data in a common way. Representations of knowledge like texts and dia-
grams need data that has hierarchy and sequence (i.e. an ordered tree), because thisis
the way we are used to structure our information from text books, [Rut05]. So the next
step, when visualizing RDF data, is to structure the selected data. This can be reduced
to the problem of extracting an ordered tree.

O 0 \*O
O O

Figure 2.2. Structuring Step (Graph to Ordered Tree)

While most commonly represented as XML documents, RDF datacan berepresentedin
diverse notations such as[N3]. But even the RDF/ XML serialization, which definitely
is atree by the nature of XML, can not be used for visualization purposes, since this
serialization is arbitrary. It can have many shapes while still saying nothing about the
way the information is intended to be presented [Wal03]. What needs to be done, isto
add presentation knowledge to pick one of the view points on the data and extract a
meaningful tree, representing this view point.

Many solutions have been devel oped to structure RDF data. Due to the lack of a RDF/
XML canonicalization, described above, it is not possible to process RDF/ XML with
plain XSLT*. Xenon and RDF Twig overcame this problem with extensions to XSLT.
However, these were procedural approaches, which were limited to a specific output
format and did not support a standard query language such as SPARQL.

Declarative approaches for the description of display information have also been devel-
oped. However, they still suffered from being display paradigm specific, for example
the Graph Style Sheets (GSS) used in the IsaViz Browser [IsaViz] and the Haystack
Side ontology, [QHK 03], [BLPO5].

The solution that is chosen in SemVis for the purpose of structuring is the Fresnel
RDF display vocabulary?, which isafully declarative, domain- and paradigm-agnostic
approach (detailed description in Chapter 4). Fresnel goes further than the structuring
part and can also be used to define the formatting part, which will be described in the
next section.

’XSLT — XSL Transformations: A language for transformations between XML documents (http:/
www.w3.0rg/ TR/xst20/ )

2More precisely the Fresnel Lens Vocabulary is responsible for the description of the structuring process.
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2.2.3. Defining Visual Appearance (Formatting)

The formatting process can be subdivided into a styling part and a mapping part. The
styling part, the decoration of elements, is done with the Fresnel Format Vocabulary,
which is described in detail in Chapter 4. The mapping part, the assignment of facets
to Visual Variables, isdescribed in detail in Chapter 6.

Figure 2.3. Formatting Step (Visual I nformation Added)

2.3. Existing Visual Selection Mechanisms

Visualization aspects primarily apply to the presentation of the selected data, but already
the selection of the data and the configuration of the visualization itself can be donein
avisual way, supported by the system. The visualization of the dynamic, incremental
selection mechanism is not the main concern of this work. Hence, it shall only briefly
be mentioned which user interfaces for this visua filtering exist.

When a user wants to filter the data he could use a query language to do so. SPARQL
is such alanguage, that offers a convenient means to formulate queries over RDF da-
ta. However, there remain two problematic issues with formulating SPARQL queries.
First, the user hasto know the vocabulary of the query language, what can be tolerated,
secondly, to make restrictions on values, the user has to know at least part of the data
she wants to query in advance, which is usually not the case. Therefore the user hasto
be guided by the system somehow when filtering the data.

There are two approaches to achieve that, which are described below: The visual con-
struction of queries(Section 2.3.1) and the Faceted® Browsing paradigm (Section 2.3.2).
They both have in common that neither the vocabulary nor the data needs to be known
and syntax errors are impossi ble through the user interface. Common to both approach-
esisthefact that they incrementally refine the set of selected instances, always offering
the possibility to broaden the selection again by clearing restrictions. The use of aGUI
has the additional advantage of being able to preset probable, frequently used values,
though thisis not used by any of the studied mechanisms so far.

The last section (Section 2.3.3) proposes user interface widgets for different selection
tasks, depending on the type of afacet.

2.3.1. Visual Query Construction

Instead of writing in aquery language, the formulation of aquery string can be visually
constructed with the help of systems, using a Visual Query Languages (VQL) such as
GL OO, the Graphical Query Language for OWL Ontologies[FHO6] or the visua query
system devel oped in the context of SEWASIE*[CM03]. Similar efforts have been made

“SEmantic Webs and AgentSin Integrated Economies
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in the field of databases, eliminating the need for an domain expert to learn alanguage
such as SQL before being able to search a database. The domain independence of the
RDF query language is retained by the visual language.

GL OO maps to nRQL® and represents classes, individuals and also operators such as
NOT, OR and AND as geometrical objects. These objects can be connected by named
arrows, representing properties, to form atree as a visua representation of the query.
The operators allow for building complex queries by combining simple ones. Besides
the advantages that count for both query construction systems, GLOO offers informa-
tion on result cardinalities to give feedback to the user. Figure 2.4 shows a simple ex-
ample for agraph representing a query in GLOO.

maIled has!hlld

Figure 2.4. Graph Display of a Queryin GLOO

The SEWASIE visual query system uses an iterative refinement process and propos-
es the technique of intensional navigation to build conjunctive queries. By this it is
very close to the Faceted Browsers that will be described in the following section. In
addition to the graphical display of the query as a tree structure, the query is steadily
output in natural language, where the tree structure corresponds to nested sentences.
This way the user can check the semantical correctness of her selections and navigate
to a subquery by clicking on a part of the generated sentence. It should be noted that
only the generation of natural language is supported (and necessary), not the parsing.
The system employs additional ontologiesto enrich the searched data, e.g. by providing
extralabels for associations.

2.3.2. Faceted Browsing

Faceted Browsing performs the incremental refinement of a set of results by restricting
values of the data's facets. In contrast to visual querieslanguages, the faceted browsing
does not return the constructed query explicitly, but, after each refinement, directly
presents the user the reduced set of results and the possibilities to further choose from.

A characteristic, common to most Facet Browsers is the fact that the possibilities the
user has to choose from are restricted to the possibilities which do not lead to an empty
result set. Thisway it is guaranteed, that a search always returns at least one instance.
Likewise the cardinality of the results from a potential restriction is mostly displayed
for each facet value as a preview.

Some Facet Browsers perform an automatic facet ranking to alow the user to make re-
strictionsin an appropriate order. This automatic facet ranking can be based on metrics
as discussed by [ODDO6]. Oren et.al. distinguish between Descriptors, the facets that
are well suitable for describing an item, and Navigators which are suitable for navigat-
ing through the data. The quality of afacet as a Navigator can be calculated by three

°A query language offered by the OWL-DL reasoner Racer
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measurable properties: Predicate Balance, Object Cardinality and Predicate Frequen-
cy.

Since Faceted Browsers are a visualization of the selection mechanism as well as a
meansto visualize the dataitself, examplesfor several Faceted Browsers are described
in the data representation section (c.f. Section 2.4.2).

Starting Points (Primaries)

The definition of starting points is essential for the user to explore the data with a
Faceted Browser. In contrast to an explicit query, an explorative interaction needs such
abase to further speciaize.

Classes that are used as starting points are referred to as Primaries in this work to be
consistent with existing vocabulary (see also Section 4.4). They were called Entitiesin
former work [Pol06] and are also referred to as Focal Points in [Rut05].

The choice of starting points is highly dependant on the domain and the intended pur-
pose of the browsing. Good Primaries in the domain of history data are, for instance,
the classes Event, Person, Century, Location or Field of Interest. Bad Primaries for
the field of history, because they are only of peripheral interest or too specialized, are
classes such as Continent, Invention, Art Style, Weapon, etc. However, these classes
might be useful as Primaries in another context.

2.3.3. Selection Widgets

Whilefiltering, suitable widgets to choose the facet values have to be offered. We pro-
pose a selection of these widgets based on the characteristics of the facet to be filtered.
Most of the current Faceted Browsers, introduced later on, use the same widgetsfor all
facet types, for example, and not much attention has been paid to the fact that the facets
inherit a structure, which can be helpfully reflected by the widget.

Entering Facet Values

A first distinction of selection widgets can be made according to their possibilities for
entering the desired facet values. This section lists criteria concerning the quality of
widgets for entering the desired facet values. In the next section criteria concerning the
display of facet characteristics are given.

Range Selection

Choosing a single value is often undesirable. The user often rather wants to define a
vaguerange of valuesasit isusually the case with facets such astime and price. Special
widgets, defining a minimum and a maximum value can be used in this case.

Siders with two markers or two separate text input fields are possible means to define
ranges. Also option lists can show the selection of arange by marking all values within
amaximum and a minimum value.
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Price: Name: Importance:
300 600

Less to even more imp. n

Not important

Less important

More important

Even more important

Most important

Slider Widget for the Facet Option List Widget Option List for the Facet im+
price (Range Selectable) for the Facet name portance (Range Sel ected)
(Range Selectable)

Table 2.1. Possihilities of Selecting a Value Range

Multiple Selection

An dternative to this, is the possibility of selecting multiple discrete values of a facet.
However, this has its limitations for facets with a large number of values and is not
possible at all for continuous values. Multiple selection is possible, for example, in
option lists, lists of checkboxes and could also be implemented for tree maps.

FieldOfinterest:
Politics, Arts, Science n
Politics

Arts

Science

Nature

Figure 2.5. Option List for the Facet fieldOfInterest (Multiple Values Selected)

Selection of Continuous Values

A further criterion is the ability to define continuous values. This can be performed by
atext input field, selection wheels or by diders (c.f. Figure 2.6).

Size:
550

Figure 2.6. Slider Widget for the Facet size

Free Input

A last digtinctive feature is the free input of values (c.f Figure 2.7) in contrast to the
selection of predefined values. The free text input of ObjectProperty values (by the

identifier) requires recall, therefore free text input is better suited to the selection of
numeral values.
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Price from ... to ...

30,00

Figure 2.7. Text I nput Widget for the Facet price (Range Selectable)

Reflecting the Facets Characteristics

The following criteria concern the widgets ability to reflect the characteristics of the
facet, in especially the relationship between the facet values.

In the field of statistics, values are categorized into nominal, ordinal and quantitative
data representing different scales of information on the relationship between the facet
values. Depending on the category to which the facet valuesbelong to, different widgets
are appropriate to reflect thisinformation.

Nominal Data

If there is no relationship between the facet values, except for the fact that they are all
different and can be distinguished by their name, the data is (only) nominal. A trivial
sorting however, can be performed using the alphanumerical order of the values titles.
Anexamplefor selection widgetsfor nominal dataisgiveninFigure 2.5. An option list,
however, already suggests the existence of an order, even if there is none. An appro-
priate widget for a set of values without any order should actually look like Figure 2.8,
stressing the unrelatedness of the values. But normally it does not matter if the values
are ordered anyway. Often the alphanumerical sorting can be chosen to give meaning
to the order.

Figure 2.8. Theoretical Set Widget for Purely Nominal Data

Ordinal Data

If thereisan order relation between the values, the datacan bereferredto asordina. The
relationship between the facet valuesthat isreflected by the widget, does not necessarily
have to be the facet property itself. It might also be another relation that fulfils the
condition of not leaving the facets range. Consequently the range and the domain of
the relation have to be the same and have to equal the facets range (c.f. Figure 2.9).
The special case of awidget that is structured by the facet itself is shown in Table 2.2
(Ieft side).

10
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Loves:

Person A
Person B
Structured by
hates relationship,
value instances
Person B are multiplied
to form a tree.
Person C
| PersonB
Sort by:
e [

Figure 2.9. Tree Widget for the Facet loves (Sorted by the Property hates)

The topology build by the order relation might be a sequence, atree or aDAG. An ex-
amplefor afacet that hasatree structure isthe facet takesPlacel n (domain Event). It has
the class Geographical Region as arange. For the moment, assume that Geographical -
Regions are related to each other viaan exclusive partOf relationship® . Facetsthat have
a hierarchical topology can be well displayed by the classical directory tree (already
seen in Figure 2.9) or by atree map widget [JS91], [SCM+06] as shown in Table 2.2
(right side). It can further be distinguished, if the selection can be performed with one
click, because the whole hierarchy is explicitly shown in an expanded state, or the se-
lection can be performed by an incremental refinement, level by level.

Locatedin: Locatedin:

World World

America

California B

Germany

Tree Widget for the Geo- Tree Map Widget for the Ge-
graphical Facet locatedin ographical Facet locatedin

Table 2.2. Possihilities of Selecting a Value Range

Other hierarchical facets include isA or partOf relationships, i.e. component relation-
ships of composed products and body parts.

Anexamplefor afacet that is structured by astrict order connecting itsdiscretevaluesis

the facet hasl mportance. An appropriate widget could be asimple option list as shown
in Figure 2.10.

®Thisis asimplification. The relation between geographical regionsis actually not an exclusive partOf rela-
tionship, but there are countries being part of more than one region. Thisresultsin aDAG, that can however
be transformed into atree by the duplication of child elements (also c.f. Figure 2.9.

11
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Importance:

Less important n
Not important

Less important

Most important

Figure 2.10. Option List for the Facet importance (Single Value Selected)

Quantitative Data

Quantitative data provides information on the ratio of values or at least on the ratio of
differences between pairs of values (depending on the fact if the Null was chosenin a
meaningful way, or not). This quantitative information can be reflected by the visua
variable Area for example.

A Tree Map is able to provide quantitative information by the proportions of areas and
also aPie Chart could be used asawidget. The Option List Widget can also be extended
to represent quantitative information by using different sizes for each value to reflect
the ratio to other values (c.f. Figure 2.11).

Quantitative data always provides sequence, yet the values are not discrete, but contin-
uous. So it isalways possible to handle only the ordinal data aspect. All numeral simple
data types such as xsd:float and xsd:integer offer quantitative data.

Importance:

Less important n
Not important

Less important

Most important

Figure 2.11. Option List for the Facet importance (Quantitative I nformation)

2.4. Existing Visualizations of Structured Data

The following two sections describe existing visualization techniques subdivided into
thefields Graph Visualization and Faceted Browsing, always considering the principles
mentioned before.

12
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Figure 2.12. GraphViz Graph Visualization (Module Dependencies)

2.4.1. Graph Visualizations

According to the work of Schraefel and Karger [ SK06] many good graph visualization
agorithms exist for the display of structured (RDF) data. However, the focus is often
on visualizing the structure of the data rather than the information itself. Graph visual-
izations usually provide exclusive global interfaces which offer a convenient way to
grab the overall structure. But the usefulness of working with the visualized data is
limited. The explicit presentation of the structure is often more relevant for authors (for
example of an ontology) than for the users of the structured data who have to perform
tasks like edit, compare or find data. Additionally, as they work fully automatically,
graph visualizations often have to agree on the least common denominator.

The strengths of graph visualizations are the visual identification of structural aspects,
like clusters, high and low interconnectedness in certain areas and an overview of the
overall topological complexity, asisthe caseinthefollowing two examples: Figure2.12
shows a graph of module dependencies’ and the graph shown in Figure 2.13 visualizes
anetwork®. When graph visualizations are required to offer overview and information
on a single relationship at the same time, the detail-and-context-problem arises. The
most promising approach to challengethis problem are the Fisheye graph visualizations.
However, the focus of this work is mainly on non-graph-visualizations. Therefore, in
the following two subsections, only two graph visuaizations of particular interest are
introduced, because they differ from most of the other approaches due to the fact that
they have both, alocal and a global interface. Please refer to [HM S00] for a detailed
discussion of graph visualizations.

"Image taken from the website http://www.graphviz.org
8lmage taken from the website http://www.caida.org/tool s/visualization/walrus/

13
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Figure 2.13. Walrus Graph Visualization (Networking)

IsaViz

IsaVizisan RDF graph browsing and editing tool, [1saViz]. It hasitsfocus on providing
a global interface, but instances can also be displayed in detail and it is possible to
zoom the displayed graph. The user can modify the appearance of relations and nodes
in adeclarative way, using either GSS, its own Graph Style Sheet language or Fresnel
as amore general approach, which will be described in Chapter 4. The styling allows
for aggregation of multiple properties and their values to larger visual units instead of
drawing a single connection line to each of the values. The combination of the explicit
visualization of structure with the presentation of the values themselves leadsto aless
crowded display, while preserving the completeinformation content. Figure 2.14 shows
a screenshot of the tool.

14
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Figure 2.14. IsaViz— FOAF’ data

Relation Browser

A small but interesting visualization of RDF data is the Relation Browser by Moritz
Stefaner, [Relation Browser]. A screenshot is presented as Figure 2.15. It is not a Facet
Browser because its intention is not the refinement of a set of results by restricting
values, but the exploration of the relations between things. Accordingly, navigation is
based on the relationships between the instances. Clicking on an associated object re-
sultsin centering the selected object and radially rearranging associated objects (click-
and-center). It shows always only parts of the RDF graph as aradia tree with a depth
of one. Relations to other instances are displayed regardless of their type. The brows-
er focuses completely on instance relationships and shows no classes. Additionaly to
the global interface, alocal interface is supported by the ability of clicking one of the
circles. This leads to a continuous magnification of the circle, which then serves as a
frame for detailed information on the selected item, thisway integrating the global and
local interface.

The Relation Browser can only be used for an arbitrary domain, after being configured
for this domain. This configuration also allows definition of domain specific ssimple
icons and colors to distinguish types of objects and relations. The browser is imple-
mented in Flash.

®Friend Of A Friend: RDF Vocabulary for the description of people and their relationships

15
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Paland

Luxembourg
Metherlands

Switzerland E
urope

iz part of
France

Germany German

Denmark

Baltic Sea

Morth Sea

Czech Republic Belgium

Austria

Figure 2.15. Relation Browser — Geographical Data

2.4.2. Faceted Browsers

By the atomic segmentation of a domain, there is the possibility to offer views exact-
ly personalized to the user. Faceted Browsers such as Longwell, mSpace or FLAMEN-
CO are the first affords to use these advantages. They use the Faceted Browsing Ul
paradigm (c.f. Section 2.3.2) that allows the user to select the results for presentation
according to their facets. Finally, the section called “Multiple Categorization in Web-
shops’ investigates the employment of faceted browsing in the field of web shopping
applications.

All browsershavein common that they offer aglobal interface and mostly alsointegrate
alocal interface (if not expressly stated different). Aninitial set of results can berefined
by restricting these facets to certain values. All browsers additionally integrate a string
search as one of the restrictions.

However, mostly no special widgets are displayed for different facets, nor is the facet
structure made explicit. None of the browsers can restrict arbitrary facets to a value
range, e.g. the restriction of the facet age from 10 to 12 years. This would be a useful
for the flexible selection of simple data types. Mostly, even multiple selection of facet
values at the same time is not possible (e.g. 10, 11, 12 years). With one exception, the
facet values are not explained to the user via the user interface and mostly it is not
possibleto customizethe Ul by adding facetsto the set of restrictablefacets or removing
them from there.

Often the sorting of results by arbitrary facets is not possible, but only for fixed prop-
erties like Price or Relevance. If it is possible, the facet set for filtering can always be
different from the facet set for sorting.

16
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Furthermore, all browsers have in common that they use a two dimensional display
paradigm, mostly lists. The implementation is done as a webapplication rendering
XHTML and Javacript in all cases where not stated explicitly in the description of the
browser. Most of the browsers are not domain-independent, but have to be configured
for a particular domain.

The following sections describe some Faceted Browsers, focusing on their special fea-
tures.

FLAMENCO

FLAMENCO (FLexible information Access using MEtadatain Novel COmbinations)
was developed at the University of California, Berkeley [FLAMENCOQ]. It uses meta
datato guide the user through afield of information.

The starting screen shows a list of facets with their values to restrict the result set. As
soon as the first selection has been done, al results are displayed in tabular style, as
shown in Figure 2.16. The left section allows further restrictions and the upper part
alowstheremoval of constraints. The text input field in the top left corner can be used
to search by keywords. The strings are equally handled as facet constraints and result in
anentry inthelist of applied restrictions at the top of the screen. Thefacet values, which
are limited to those, leading to anon empty result set, are assigned the number of results
after afurther restriction in brackets. FLAMENCO shows the structure of hierarchical
facetslikeisA or partOf by displaying at first only the most general values and showing
children after selecting the parent. A list of children (which are called subcategories
irrespectively of thefacet) isdisplayed as a preview, when hovering the mouse over the
facet value before actually choosing it. The browser allows sorting and grouping the
results by a configurable set of facets. Starting from a given resource that is displayed
in detail, it is possible to search for similar items on the basis of its facets values.

Nobel Prize Winners

1901 to 2004 History and Seftings 0000
These terms define your current search. Clickthe | = to remowe a term.
——

@ allterns O in current results

COUNTRY: Germany -

ftems 11to 40 of 44 results
Refine your search within these categories: Group by: country
GENDER {aroup res Ults Sort by: usual narne, year of hirth, year of death, country

tmale ()
COUNTRY: all = Germany

AFFILIATION [iroup results]

Betrlin University (1) Locarno Pacten
Germany (28)

PRIZE (group results

chemistry (173 peace
literature ¢y physics (1)

medicine )

YEAR [Oroup results’ ! BB
Adolfvon Baeyer AdolfWindaus Alber Einstein
1800 ci2) 1330 cioy 18351017 78761950 1879-1855

19105 (10) 19405 i1
1920 (113

Recently Viewed ltems
Go to itam Histon:

N
Albrecht Kossel Carl Bosch Carlvan Ossieteky Eduard Buchner
18531827 1874-1940 1820-1938 12601917 v

Figure 2.16. FLAMENCO - Data on Nobel Prize Winners
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Longwell

Longwell is a Faceted Browser inspired by FLAMENCO and developed as part of
[SIMILE], which is ajoint project conducted by the MIT Libraries and MIT CSAIL
that bundles many semantic web projects.

Longwell isintended to present and browse RDF data. As adefinition language for the
presentation knowledge, [FRESNEL] is used and extended which is dealt with in detail
in Chapter 4.

The start screen of Longwell (c.f. Figure 2.17) shows alist of classes which have been
defined as Primaries. The selection of one of these classes restricts the type of the re-
sults to the accordant Primary. This start screen is a kind of a selection by a standard
classification before leaving the user to free faceted browsing.

Longwell

Startpunkte [ Starting Points

(Q, Type here to search

# Events (63) ~ All kinds of Events

* Images (43) ~ All kinds of Tmages

s LiteratureReferences (22) ~ All Literature References
# Persons (30 ~ All Persons

Simile

Figure 2.17. Longwell — Primary Selection View

On the browsing view of the Longwell user interface, shown in Figure 2.18, the right
column is used to represent the facets with their values, which can be used to form
restrictions. A click on acertain value restricts the facet to exactly thisvalue. However,
it is possible to add more values with the help of alink right behind the summary in the
upper part of the screen. Hereiit is also possible to completely remove a restriction.

Asin FLAMENCO, it is possible to sort and group results by sets of facets, which can
be configured independently of the facets that are displayed for filtering.

Longwell isafully domain independent browser for arbitrary RDF data, since it can be
used without being configured for a particular domain. However, it can be customized
for special display purposesand domains on several levelsand offers mashing functions
to connect the data to the SIMILE Timeline (c.f. Table 2.3) and GoogleMaps®.

A geographic mapping service provided by Google: http://maps.google.de
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Longwell
1filter criterion % Type hare to ssarch
* type:Image (remove) Photograph (remowe) [add more]
type
Order Commands il
Type here to filter
eventGr v List View Calendar View Map View Graph View Timeline View Photograph (3a)
Image (5)
43 items 12345 nexts
sorted by label [4 to 2]
BMWIsettalS0Photo [UR]]

hasCreationTime % Q 5006-02-02To0i00:00 onPage

hasOriginLink » Ty pe here to filter

isPublicDomain

Type here to filter
type ¥ Q. Photograph "false" (5]
url resources/images/bmve_isetta_150.pg

Show Referers

Figure 2.18. Longwell — Browsing View

Longwell *| Longwell

Table2.3. Longwell — SIMILE-Timeline View

mSpace

mSpace was developed at the School of Electronics and Computer Science at the Uni-
versity of Southampton. It differsfrom both Facet Browsers described before, in so far,
that it does not constantly present the search results, but rather the facet values them-
selvesareitemsof interest. Soitisthe only Facet Browser that explainsthe facet val ues.

Figure 2.19 shows the user interface of mSpace. The content window on the lower
part of the screen constantly offers information on the currently selected facet value.
A special role in mSpace plays the order of the facets shown on the upper part of the
screen. A facet box on the left side always restricts the available facet values of the
boxes on the right. This way, the order of the facets reflects the chronological order
in which the restrictions were applied. Although this forced order leads to a hierarchy
that users are used to from documents providing some benefit, mSpace could work in a
more flexible way without this order. E.g. a drawback of this approach is the fact that
clearing a restriction abandons all other restrictions that were subsequently made. A
free clearing and setting of restrictionsis not possible. Therestriction can be broadened
by selecting multiple facet values.
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The user can customize the interface by adding new facet boxes from the repository at
the top of the screen or removing them again.

Facet values are limited to discrete values (it is not possible to select avaluerange) and
generaly displayed as flat facets without revealing the facets structure. An exception
isthe display of one facet by multiple columns as it can be seen in Figure 2.20. Here
thefacet Genreissplit into Super Genre and Genreto display the structure of thisfacet
explicitly at least to a depth of two.

Space mSpace Classical Music Explorer

Browser

Album | Arrangement | Recording | Artist | Compaser

Columns: Dasth Date | Composer Birth Date | Form

< Composer

—tmom—Z—

Bibar, Heinrich Ignaz Franz von (1644-1704:
MY 1046, 111, Allzgre

aaaaaa 20| 9o arsuio, padro (1682 - 1703) aWv 1046, 1. [-]

| (1562 - 1622) ajar, BMY 1046, v, Menuetto -Tri - Polonaise 1))

achelbel, Johann (1653 - 1708) o, R 10K, 8, A0 2650
F major, B 1047, 11 - ]

sjor, BMY 1047, 1L Andante

reall, Hanry (1655 - 1635)

.+ (1836-1679)

nnnnnnn 1562 - 1621
¢ ) sjer BV 1048 1. [-]

sB:H:

Cancarto for Trumget and Orchestra in & majer, 11, Allzarg

ohann Sebastian Bach was music's most sublime creative genius. With the notable exception of opera, he composed

wering masterpieces in every major Barogue genre: sonatas, concertos, suites and cantatas, as well as innumerable

eyboard, organ and charal warks, Vet despite the sheer vastness of his output, Bach sustained a rarefied level of musical

inspiration that continues to amaze his most ifted successors, Even those wha find Bach's music somewhat overwrought

- or just plain dull - concede that at a purely technical level he is in 2 league of his awn, Yet during his lifetime his awesame

creative talent went largely unrecognised and by the time of his death he was viewed as something of a musical dinasaur
(Al had stubbomly refused to move with the times.

Difficult though it is to believe, in Bach's day musical works were as ephemeral s today's pop songs. Here one day, gone
& next, As the tide of tasts and fashion rolled inexorably by, sa new pisces were required on almost a dally basis for @
W\dE var\etv of Durpuses The nutmn uf ruws of music-lovers gathermg to hsten n haHqud s\lem:e to music composed the
ar, et slone centuri e, was practically unhe.
[Fecpairmaly refarred to 2s - museum tu\tur’e was a tnr\teptthat\av 100 yoars shea. In s fetime, Bach repUtztian
was first and faremost as Germany's leading arganist - not as a composer.

In his |ater years Bach faced harsh criticism. During the 17205 and 17305 when he was composing his mast important
arks - the Passions and Goldberg variations among them - a new Italian style invaded Germany, making his work appear outdated. The composer-gritic
Aduluh Scheibe (1708-1776) attacked Bach's style as "turgid and confused”,

nton Marealis - Cancarto far Trumpet and
It is 3 common misconception, however, that following his death, Bach's name fell into tatal obscurity. In fact, his son Carl Philipp Emanuel did much to doton il Soncaraorlmnatand,s

ensure that the details of his father's life and achievements were recorded for posterity. He published an important biagraphical obituary in 1754 and, in v

Figure 2.19. mSpace

0000000000 O
) o R

Figure 2.20. mSpace (Multiple Columns per Facet)

FacetMap

FacetMap [SCM+06] aims at providing a fully domain-agnostic search interface for
persona documents.

The approach was devel oped as an aternative to the text list paradigm of most search
interfaces and sincethat, aims at afully graphical interface that integrates the represen-
tation of facets and facet values with the representation of the search results. Whenever
possible, graphical icons of the data are used as previews instead of text. But although
FacetMap includes the results in the display, it offers exclusively a global interface,
since it does not provide a detailed view on single instances.

Figure 2.21 shows a screenshot of the application. The screen is split into two parts
after the first narrowing of the data set. The left part shows the still unrestricted facets,
the other displays facets that have already been restricted to some value. The facets on
the left show only the values that are till applicable.
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A variant of the treemap algorithmis used to fill the available screen space with round-
ed rectangles and ellipses to display facets, facet values and results. To calculate the
appropriate amount of screen space that a facet may allocate, facets are ranked based
on their metrics and their relatedness to the already restricted facets. The problem of
guaranteeing a minimum size of display items, while still showing all possible facet
values at the same time, is tackled by the use of an Overflow Bucket that serves as a
place for the rest of values that can not be displayed by at least one dlipse.

The way that FacetMap nests ellipses and rectangles is able to represent the structure
of asingle facet explicitly.

D 7 Items: 7018 (Out Of 46112)

Figure 2.21. FacetMap

Multiple Categorization in Webshops

Recently, companies such as Ebay", Amazon® and especially Google Base” exercise
the option of multiple categorization to simply categorize their products and allow for
faceted search in their product data.

All three use a combination of a normal classification system with afaceted systemin
order to reduce the amount of very general queries and to inspire the user by offering a
starting point for search. Besides that, the string search by keywordsis possible aswith
all Faceted Browsers. After roughly choosing aproduct in a standard hierarchy, or per-
forming aninitial string search, the client can concretize his search by selecting several
facet values. Another commonality of al faceted browsing solutions in webshopping
isthe ahility to search for similar items starting from the detailed view of a product.

Ebay offersafix set of al facetsfor acategory with all possible values. After choosing a
certain valuefor afacet, the set of facetsisnot reduced to the onesthat still offer results,
because all restrictions are evaluated altogether only after the submit button is pressed.
Although this offers a more consistent overview of al restriction possibilities, it has
the drawback of possibly returning a zero result set. Already in this standard search,
Ebay offers possibilities for the user to basically customize the browsing interface by

hitp://www.ebay.com
2http:/www.amazon.com
Bhttp://base.google.com/
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removing or adding facets. However it is not possibleto define avalue range, except for
fixed ranges of prices. Three different widgets are used: Text input fields, checkboxes
and option lists.

A fully faceted aternative user interface for Ebay has been developed under the name
Ebay Express”. The user can choose from about 20 main categories or choose a cate-
gory containing products matched by an initial string search. Within the subcategories
that are displayed, multiple facets with some values and val ue ranges are proposed for a
restriction of theresults. The facets are ranked by relevance and the values are assigned
acardinality of theresult after apotential restriction. More facets, called options can be
added and also multiple selection of facet valuesis allowed. Again, only some impor-
tant facets, as the price, have special widgets to allow for manual input of arange for
example. Also the sorting of the resultsis still limited to a fixed set of facets like price
or relevance, as in the standard Ebay solution.

The results can be displayed as alist or asatable (c.f Figure 2.22).

d ¥ Shopping Cart | Wish List | Your Account | Customer Service
Hello! (sign in or register)
Apparel & Computers & Consumer Home & Jewelry & Sporting Summer
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$40.00 - $50.00 (175) [1%30.00 - $40.00 (159)
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COTTON SINGLE PERSON Indoor or Outdacr Padded Hanging Rustic Cedar Log Yard Swing 5'-

HAMMOCK MEWY Chair Free Shipping

$35.00 | Shipping: $9.95 $34.95 | Shipping: $10.95 $369.00

Free Shipping!

Figure 2.22. Ebay Express — Search for a Hammock

The interface of Amazon is basically oriented at a standard classification system. Fig-
ure 2.23 showsthe sel ection of booksfor children at the age of at least 10 years. A mixed
hierarchy is used to display the choices of the user, containing values from multiple
facets and the facet names themselves: After choosing the category Books for children
(belonging to the facet Genre) and subsequently deciding to further restrict the results
by the facet Age, the user has chosen the facet value starting from 10. All thisisjoined
to one tree which aso serves to make the structure of the facets explicit. Result cardi-
nalities are displayed in brackets after each facet value that is not used for restriction so
far. However, some facets can be restricted independently from the others; Again the
facet price is handled exceptionally, but also facets like Brand are treated separately,
depending on the field of products.
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Tintentod (Band 3 zu Tintenherz) von Cornelia Funke von Dressler
{Gebundene Ausgabe - 28 September 2007}

Preis: EUR 22,90

Worbestellbar

Figure 2.23. Amazon — Booksfor Children over 10

A first analysis of Google Base [Google Base] as a faceted system has been done by
[Sin05], though the results are only informally published and some things have been
changed at Google Base in the meantime. This work served as a base for our review
of Google Base.

Google Base collects data, including product data, and makes it searchable by faceted
browsing . It allows for complex filtering of the results of an initial string search or
the selection of a main category. No subcategories are displayed, yet there are more
than thetwelve Popular Classes and additional Interesting Items Typesthat areinitially
shown, because the author can flexibly define his own categories.

As soon as a category is displayed, the system proposes suitable facets for restriction
and for sorting. Already made restrictions can be cleared by setting the value back to
any. Google Base allowsfor sorting the results by several, yet selected facets. Complex
specialized widgets are used to allow the combined input of fixed, predefined and us-
er-defined value ranges or enable multiple selection, for example.

Depending on the category, a domain specific view is offered, e.g. the category houses
startswith aview that integrates Google Maps. Thefaceted system allowsfor easy build
of mashup applications like this (c.f. Figure 2.24).
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Figure 2.24. Google Base — Search for Cars

Mambo

Mambo (Mobile Aspect-based Media BrOwser) is a browser developed at the Dresden
University of Technology, [Mambo].

The interface is designed to browse large media collections, with special focus on the
usability on mobile devices. Since that, the integration of context and detail is stressed
and implemented by anovel zooming widget called AspectZoom (ageneralization of the
TimeZoomwidget [DWO06]). So far the interface completely renounces the use of string
input and relies on the zooming metaphor to establish "a consistent way of searching,
browsing and filtering data".

Although it has many commonalities with Faceted Browsers, it is called an Aspect
Browser and actually is not a Facet Browser in the sense of the Faceted Browsing
paradigm. Facets play an important rolein Mambo, but the interfaceis centered around
one selected facet that isrestrictable at any time. Therestrictionsto the facetsthat Mam-
bo offers for browsing (c.f. Figure 2.25, bottom right corner) can not be combined to
form a single result set asin the other browsers.

However, Mambo could be modified to combine multiple widgets for many facets si-
multaneously. Another difference isthe fact that it isthe only browser studied that ex-
plicitly visualizesthe structure within one facet (except for FacetMap and classical tree
representations in the standard classification part of some browsers). Its AspectZoom
widget is specialized to the visualization of tree structures and lends itself to be inte-
grated with Faceted Browsers, too.

Mambo interprets facets with a string type as structured by atreeinstead of alist. This
eliminates the need to display long selection lists and replaces it with aless space con-
suming alternative. Although one could argue, that string completion could be a simi-
lar and, assumed the availability of akeyboard, the better choice in some cases, there
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isavariety of facets that could be efficiently displayed with the AspectZoom widget,
including partOf relationships (e.g. for time spans, geographic regions or body parts,
see also the section called “ Reflecting the Facets Characteristics”).

The ease of use is additionally improved by a click-and-center behavior, that reduces
the necessary clicks to a minimum.

All Albums

=loix

AW
i)

—_—
T
i)
‘X
5 Astists ]
songs ¥
WA WE WH i o | Goren ]
w licc —

1= -

All Albums = T-Z

Figure 2.25. Mambo — Aspect Browsing of Music Data By Title

2.5. Categorizing SemVis

In this section we classify SemViswith the help of the before introduced categorization
criteria for visualization systems and compare it to the existing solutions mentioned
above.

SemVis covers the whol e visualization process. Its main focusis on the support of the
formatting step, but the support of the preceding selection step (the filtering) and the
necessary structuring are also dealt with and visually supported by the system.

Another criteria of visuaization systems is the degree of automatism and, related to
that, the degree of domain independence. Whereas SemVis aims at fully domain inde-
pendence but a semi-automatic mapping and structuring procedure, some systemstry to
offer afully automatic presentation of arbitrary data, e.g. the Faceted Browsers Long-
well or Noadster [Rut05]. The domain independence without configuration is not the
goal of SemVis.

The selection step is done visualy in SemVis by Faceted Browsing. It is well-suitable
to implement the filtering ideas of the old framework. The following characteristics
of Faceted Browsers are fulfilled by the system: SemVis offers the possibility to clear
and add restrictions to facets, including the selection of multiple facet values and the
ability to choose value ranges. The use of specialized widgetsfor different facetswhich
explicitly show the facet structure is supported as well as the ranking of facets with the
help of metrics, the use of presetting and the customization of the user interface.

The focus of SemVis is on providing a global interface. The visualization of single
characteristics of the dataallowsfor an overview of the dataon aglobal level. However,
this does not necessarily require the explicit display of relations asin graph visuaiza-
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tions. This can be optionally chosen. Rather the consequent mapping of facetsto Visual
Variables to transport information supports the global interface. Thisis something that
none of the studied facet browsers does, with some exceptions (for single aspects) such
as the SIMILE timeline that is mashed up with Longwell or the integration of Google
Mapsin Google Base. Thisclassical cartography of data, using Visual Variablesisdone
by graph visualizations however (mostly using exclusively spatial dimensions and col-
or). SemVis combines the Faceted Browsing paradigm and the classical visualization
into one.

Depending on the output format SemVis can also generate an integrated interface. For
example, SemVis's 3D graphic output allows for an integrated view of structure and
detail by presenting a coarse grain, low detailed overview, which can be zoomed in,
making use of a Level of Detail (LOD)" mechanism. Details on a single instance, in-
cluding a description and a textual representation of selected properties values, can be
found at the highest LOD.

Through a flexible mapping mechanism, SemVis is not limited to a specific display
paradigm, but the generated structure can have many shapes, and includes, aside from
tables and lists, al'so 3D variants.

A complete classification of many visualization systems for RDF data, compared to
familiar text document principles, can be found at [Rut05].

After having categorized SemVisin the existing solutionsfor the visualization of struc-
tured data and having introduced general terms and techniques, the next chapter elab-
orates the exact requirements for a semi-automatic system that can flexibly generate
customized visualizations for RDF data.

S evel of Detail — The principle of increasing detailed variants of adisplayed object, depending on acriteria
such as the distance of the viewer to the object
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Chapter 3. Requirements for a
Flexible Visualization

This chapter describes the staged process for visualization that SemVis proposes, in-
cluding the configuration of mapping and filtering by the GUI. Since this process in-
volves many Actors and use cases we shortly give an overview of them, without speci-
fying the detail s of the mentioned knowledge repositories and definition files. Thiswill
be donein Chapter 7.

3.1. Actors

SemVis assumes the following three actors to be involved in the visualization process:

The Programmer uses and extends the framework to realize new visualization struc-
turesfor example. If she adds anew visualization platform she also has to describe this
platform to the system.

The Admin s, for instance, atechnician in amuseum. Her task isto define a presetting
of mapping and filter settings, suited to a special domain, that was not known at the
time of programming. She adds the presentation knowledge and configures SemVis
by writing definition files, or preferably through the Configuration GUI. The GUI en-
ables the Admin to configure the visualization structures. Sheis able to save and load
configurations. In thisway, it is possible to develop many configurations for different
purposes and compare them easily.

The User is, for example, avisitor of the museum or aspectator of agenerated website',
who views and explores the data. It should be possible for him to specialize hisview by
altering the mapping and refining thefilters. Doing this, sheis supported by the systems
User GUI, which can be realized in the output format, or by building a frame around
the presentation. The User should also be able to save her settings and later restore the
old state of exploration.

3.2. Use Cases

The following all-embracing scenario could take place in order to map a domain to a
final concrete visualization. Roughly spoken visualization and data are annotated with
meta data, the system is then able to make suggestions and the Admin can choose from
these prechosen possibilities. The scenario described here assumes the existence of a
configuration GUI, which is crucial for the full value of SemVis, since the metainfor-
mation on the structures, platforms and the general graphics knowledge can only be
offered to the involved actors viaa GUI.

We assume the following scenario: The SemVis framework shall be used to visualize
semantic web data about a specific domain (available in RDF), Extensible 3D [X3D]
shall be added as a new visualization platform and a new visualization structure needs
to be described.

3.2.1. Extending SemVis (Programmer)
Figure 3.1 shows the steps that have to be taken by the Programmer:

!1n a scenario, where aweb user visualizes data for herself, the role of the Admin and the User may also be
played by one person in two subsequent steps.
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describenew Oy . describe graphical
visualization plattform i
p <cincludes> variables
/ . : ==includes» )
write new ==includes= describe define the required datatype
VisualizationStructure ) -------- visualization = )-------- of a property which shall be
ngramm\class structure maped to this structure

create transformationcode to
special visualization platform

Write JET
Templates

Figure 3.1. Use Cases — Extension by the Programmer

1. The Programmer describes the new visualization platform in the definition file.
2. She extends the framework by describing the new visualization structure.

3. Sheimplements the algorithm building the structure and links the description to the
newly written Javaclass.

4. She creates a set of (nested) templates for the new presentation platform.

3.2.2. Configuring SemVis (Admin)

Figure 3.2 showsthe stepsthat haveto be taken by the Admin to configure SemVis. The
required order of these actions and the necessary reaction of the system are specified in
the corresponding Activity Diagram in Figure 3.3.

define the domain by

choosing a data set
choose visualization
platform

decl - . __ ==include=» set initial
eclare primaries = )-------=--- primaries
/ declare facets as _ ==inclure== set initial filter
filterable B settings
Admin

declare facets as _ ==include== . set initial
mapable mapping
loadsave
configuration
preview mapping
results

Figure 3.2. Use Cases— Configuration by the Admin
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The first step has to be taken by the system. It offers the Admin the possibility to load
existing configurations as a basis for further refinement (a). After that, the Admin can
define or change the domain and choose a visualization platform (b,p).

o) Systemn
o) Systen &) Adrmin defines f) Admin defines proposes facets_fur
proposes potential (initialy starting filtering and sorting
" slamng points
primaries point settings and an order ofthe
a) Bystemn offers facets

possibilityto load
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i} Systemn h) Admin defines
I} System m) Admin defines proposes which facets can
proposes mapable - which facets are appropriate = be filtered and
facets mapable widgets far the which can be used

filtering for sorting

n) System %
. proposes ) Admin defines k) Admin defines
o) Admin defines = appropriate widgets and facet | (initial) filter and

mapping widgets widgets for the arder sorting settings 1) Admin may
mapping save

c) Systermn
calculates facet
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structure.

by Admin defines
darmain

p) Admin chooses
presentation
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Systems Action

S)ruspvuséger;uefauns 11 Admin defines a)ei\vdgnm o

furmsplay dnifial mapping preview of the

seftings and an 22::"?"? display results of his

mma\ mapping g seftings
Admins Action

Figure 3.3. Activity Diagram — Configuration by the Admin

As soon as the domain is known, the system can start calculating metrics on the facets
and find out about the structure of the facets (c). This knowledge is necessary for later
suggestions to the user, such as the proposal of potential starting points (d). The sug-
gestions of the system, regarding the starting points, can be ignored or refined by the
Admininthefollowing step (€). After having defined the possible starting pointsfor the
User, aninitial setting for starting pointsis defined (f). Now, that the classes of primary
interest are defined, the system can examine the properties of these classes and suggest
facets that are most suitable for filtering and sorting, as well as an order for the facets,
based on the knowledge from step c). The order of the facets can be chosen according
to their quality as a Navigator (c.f. Section 2.3.2). The facets for filtering and sorting
may differ (g). Again, the Admin can reduce or extend the set of suggested facets for
filtering and sorting (h). In step (i), the system proposes suitable widgets for each facet
which can bereplaced or confirmed by the Adminin step (j). These widgets can aready
be used to conveniently define the initial filter settings for the User in step (k).

The mapping configuration is done in a similar way. The process starts with the pro-
posal of well-mappable facets by the system (1), again based on the knowledge from
step c). These suggestions are refined by the Admin (m). Now the system can propose
appropriate mapping widgets for each facet (n). These can also be exchanged by the
Admin (o). Before the proposal of display settings (i.e. theinitial mapping) by the sys-
tem (q), it must be previously defined, which visualization platform istargeted (p). The
system needs this information to prefer those mappings, which are best suited to the
chosen platform. Besides the initial mapping, defaults for other display settings (styles
of textual information such as font-family and font-size) are presented to the Admin for
optional editing (r).

When both filter and display settings are completed, the Admin can choose to preview
the results of the configuration (m) and saveit (n).
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3.2.3. Browsing with SemVis (User)

==include=» load/save
load/save state  }----=--=--""- configuration
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limitations)
refine mapping
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Figure 3.4. Use Cases — Browsing of the User
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The X3D output generated by SemVis might be shown in a museum, eventually in a
CAVE? in 3D or simply on a personal computers screen, loaded from a website and
rendered with an X3D browser. As shown in Figure 3.4, using SemVis comprises the
following actions:

1. The Systemloads the initial mapping and filter settings defined by the Admin.
2. The User chooses a starting point.
3. The User can modify the mapping (within the limitations defined by the Admin).

4. She can then madify the filters for the defined primaries (within the limitations de-
fined by the Admin)

5. The User can navigate through the scene or document.

6. The User can finally save her state including her personal mapping, view point and
other personal settings.

When saving the scene, SemVis has to save the chosen starting points, the facets and
filter settings, the mapping configuration and also the current view point, if the view
point can be changed.

*CAVE — Cave Automatic Virtual Environment. A cubic room with projectors directed to most of its sides
to enable an immersive virtual reality.
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Chapter 4. Fresnel, a Standard
Display Vocabulary for RDF

The Fresnel specification aims at providing a general purpose standard RDF display
vocabulary that can be used instead of many proprietary approaches, which have been
developed recently. The vocabulary is supported by the W3C and was rel eased in 2005,
[FRESNEL]. It is written as an ontology itself. As such, it follows a fully declarative
way and can easily be extended. Furthermore, it is devel oped with the explicit intention
not to be limited to boxes (as used on CSS-styled XHTML websites) but can also be
used for other paradigms such as a graph. This characteristic makes it a good candi-
date for a uniform description of display knowledge in SemVis, where several display
paradigms have to be supported.

The vocabulary consists of a Lens and a Format part. The Fresnel Lens mechanism
transforms the graph of the RDF datainto an ordered tree and thus takes the structuring
part of the visualization steps (c.f. Section 2.3.2), including a selection and ordering on
the property level and amechanismto limit cyclic relationshipsto other resources. After
this serialization, it iswell defined which properties are displayed and how the dataiis
ordered. The Fresnel Formats assign propertiesto presentation formats, which do very
general formating and offer mechanisms to further define the appearance with CSS.

SemVis uses the Fresnel vocabulary for defining and storing initial and generated dis-
play information. In addition to the advantage of providing a complete solution for the
description of display information, the declarative way of Fresnel also served as inspi-
ration for the SemVis mapping vocabulary, which will be described in the next chapter.
Due to the ease of Fresnels extensihility, it can also be considered to turn the mapping
vocabulary into a Fresnel extension.

Thedeclarative style supports easy exchange and sharing of the display definitions. Due
to the standardization of the language, thisis even possible between different tools.

The code examples following each description are all written in the Notation3 [ N3]
syntax, as it counts for all examples throughout the thesis unless otherwise expressly
stated.

4.1. Fresnel Lenses

The Fresnd Lens mechanism transforms the RDF graph into an ordered tree and thus
picks a certain view on the data. It defines which properties of the instances, to which
thelensisapplied, areto be shown and additionally definesan order of display for these
properties. The cyclic relationships that exist between RDF data can be broken into a
tree by limiting the recursion depth.
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1 :eventlLens rdf:type fresnel:Lens ;
2 fresnel : purpose fresnel :defaultlens ;
3 fresnel : cl assLensDonai n hi st: Event;
4 fresnel : showProperties
5
6 hi st: hasStart Ti me
7 hi st:rel at edToFi el dOf
8 m d: hasl nport ance
9 [
10 rdf :type fresnel: PropertyDescription ;
11 fresnel : property hist: haslnvol vedPerson ;
12 fresnel : subl ens : personLabel Lens ;
13 fresnel : depth "3"""xsd: nonNegati vel nt eger ;
14 ]
15 ) ©
16 fresnel : group : mai nG ;
17 .

Example 4.1. Fresnel Lens Definition

An example for af r esnel : Lens definition in Fresnel using n3-Notation is shown
in Example 4.1. It dates, that this Lens should be used by default (c.f. line
2) to display resources of the type hi st: Event (cf. line 3). Other values are
fresnel : | abel Lens or new purposes defined by the developer.

Further on, the Lens definition states that the propertieshasSt art Ti e, r el at -
edToFi el dO and hasl nport ance should be displayed (c.f. lines 6-8).

The property has| nvol vedPer son isdefined to be displayed viaa sublens, namely
the per sonLabel Lens (c.f. line 12). Sublenses are used to define that an related
instance shall be rendered with a specific lens. Figure 4.1 shows the abstract sublens
concept of Fresnel (on the left) and a possible instantiation (on the right). A sublens
alows for a different display of instances in different roles. While the person X is an
instance of the primary class Person and displayed in full detail, the other Person in-
stances are only displayed as items of secondary interest with a possibly reduced, or
completely different appearance.

This approach is well suitable for the idea of displaying related objects visually asso-
ciated to a primary class, rather than connected by explicit visual elements as arrows
or connection lines.

Person X Person A
Person X
knows Person A
Person B Person B
Person C

Figure4.1. Use of Sublensesin Fresnel

The recursion depth for showing related instances with this lens is limited to a value
of "3" with the property f r esnel : dept h (c.f. line 13). Thisis actually not neces-
sary in this case and only defined for demonstration purposes, because the per son-
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Label Lens does not make references to other Per sons, so that it can not be called
recursively.

Finally,inline 16, itisstated that theLens belongstothemai nGr group. Thefunction
of G oupsisdefined in Section 4.3.

4.2. Fresnel Formats

Formats can be used to assign properties to special presentation formats. With the
help of af r esnel : For mat it is possible to define presentation-paradi gm-unspecif-
ic styling information such as additional content between each value, or labeling of
properties as well as the value format (e.g. display as image or as URL). The actua
appearance can be determined by CSS-classes which can be bound to a format. The
properties can be described in relation to their context, defining different formats for
the same property in different situations.

Example 4.2 shows the usage of a Fresnel format to define the format of hasSt ar t -
Ti me property values. It states, that each hasSt art Ti nme property should be dis-
played without alabel and its values should be styled according to the style class date.
This fresnel: Format also belongs to the mai nG- group.

:hasStart Ti reFormat rdf:type fresnel: Format ;
fresnel : propertyFor mat Domai n hi st: hasStartTi ne ;
fresnel : | abel fresnel:none ;

fresnel : val ueStyl e "date"~"fresnel : styl ed ass ;
fresnel : group : mai nG ;

OO0 WN P

Example 4.2. Fresnel Format Definition

4.3. Fresnel Groups

Groups can be used as a convenience construct to bundle styling definitions that be-
long to all members of the group including resources, properties, labelsand values. Itis
possibleto definecommon| abel For mat s, propertyStyl es orresour ceS-

tyles.

The following listing (c.f. Example 4.3) defines a G- oup where all properties have a
common stylesheet (c.f. line 2) acolon following the label (c.f. line 3) and al properties
haveast yl eC ass attributewith thevaluest andar dPr opert yStyl e (c.f.line
4).

:mainG rdf:type fresnel: Goup ;
fresnel : styl esheetLi nk "styl es/ person. css" ;
fresnel : |l abel Format [ :contentAfter ":" ];
fresnel : propertyStyle

f"standardPropertyStyl e"*fresnel : styl eC ass ;

OO WN PR

Example 4.3. Fresnel Group Definition

4.4. Primaries (Starting Points)

The definition of Primaries, the starting points and basis for further refinement by
faceted search as described in Section 2.3.2, is aready part of the Fresnel vocabulary
and can be done within the Fresnel definition of agroup (c.f. Example 4.4). In Fresnel,
aclassthat is defined by the property f r esnel : pri nmar yC asses can be directly
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displayed ontheroot level. Other classes may only be used with sublenses. Example 4.4
definesthat only the class hi st : Event ishandled asaPrimary.

:mai nG rdf:type fresnel: Goup ;
fresnel : pri maryCl asses (
hi st: Event

)
Example 4.4. Definition of Primaries

4.5. Selectors and Inference

Selectorsare needed to specify setsof instancesor properties. Threevariants of selectors
existin Fresnel. Besidesthe simple selectors, that can select classes, asel ector language
can be used to specify a set of instances. Either Fresnels own language, the Fresnel
Selector Language [FSL], or SPARQL as a standard selection language, can be used
for selection.

Please note that the selection performed with the selectorsis not the sel ection described
before as the first step of a visualization process (the filtering of resources). Selectors
areresponsiblefor the selection of potential instances, to which alens or format applies
and for a selection on the property level to define the properties that are to be shown
for aresource, handled by alens.

The Fresnel vocabulary has no support of defining inference, but delegates this to the
inference layer of the RDF repository. For example, thereisno support to define on the
Fresnel level if subclasses should be considered or not. However, some inference can
be stated with the help of the FSL, but thisis limited to the subPropertyOf and subClas-
SOf relationships. It can be stated, that a certain property, including its subproperties
is chosen, by prefixing the query with the character "~". Section 4.5 [34] gives an

example' for this.

# properties to be shown for resources handled by this |ens:
# all foaf:knows properties

# as well as properties declared as subproperties of

# foaf:knows (in the associated schema)

~f oaf : knows

# exanpl eLens' domain: all instances of class foaf:Person
# (or any of its subcl asses) ol der than 60
~f oaf : Person[ ex: age/text () > 60]

# properties to be shown for resources handled by this |ens:
# foaf:knows and any subproperty of foaf:knows,

# provided that the value is an instance of class

# foaf: Person or one of its subclasses

~f oaf : knows[ A f oaf : Per son]

Example 4.5. Inferencein Fresnel

4.6. Application and Reusability

As mentioned above, Fresnel is presentation paradigm agnostic and not limited to the
box paradigm. As an example IsaViz employs Fresnel descriptions to define the style

Taken from the FSL reference: http://www.w3.0rg/2005/04/fresnel-info/fsl/#rdfsowl
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of its graph layout (since Version 3.0). Display definitions written by SemVisin Fres-
nel can be read by applications such as IsaViz or the Longwell browser of the SIMI-
LE project. Other browsers, that employ Fresnel are the SWT RDF browser and Fres-
nel editor Cardovan (discontinued) and the PHP RDF browser Horus (discontinued)
[BLPO5]. More projects and engines that employ the vocabulary are currently devel-
oped, such asthe domain specific Geonames Browser for geographical data, which uses
Fresnel and Fresnel extensions, [ Geonames Browser].

In addition to the benefit of being paradigm agnostic, the modularization of Fresnel
supports reuse and portability. The specification is not only modularized into a lens
and format part, but also into a core and an extended part. The extended vocabulary
allows to specify alternate properties and to merge similar property values. Other fea-
tures cover support for different output-types, direct linking to CSS stylesheets and lens
inheritance. This modularization allows applications that implement Fresnel to option-
ally support the extended part, guaranteeing aminimum of exchangeability between all
Fresnel applications.

4.7. Implementation

For the processing of Fresnel definitionstherearetwo Javaimplementations. Thefirstis
used withinthe Longwell browser andiscurrently used in SemVis. Thisimplementation
isreferred to as Fresnel Engine below. The other is called [JFresnel] and was recently
developed as a standalone project. Additionally, there is a PHP implementation called
Arago [GHO05].

The Fresnel Engine produces a tree of Java objects such as the example result tree
shown in the Object Diagram Figure 4.2. A Resul t isassigned one Pr opert yRe-
sul t Set whichcontainsalist of Pr opert yResul t sand NoSuchPr opert yRe-
sul t & for every property listed in the Fresnel definition. Each Pr opert yResul t
isassigned one Label Resul t and one Val ueResul t Set , which contains the in-
stances of Val ueResul t .

The engine performs a recursion, which can be limited in depth, to create the values,
that are results themselves. In this case Val ueResul t wraps another Resul t .

Result

J—

PropertyResultSet

K— PropertyResult PropertyResult NoSuchPropertyResult

LabelResult ValueResultSet
ValueResult ValueResult ValueResult

Figure4.2. Fresnel Result Tree

2If no property could be found for a requested property, aNoSuchPr oper t yResul t Object isplaced in
the tree (Null Object design pattern [Wo0096]).
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The XML output of the tree is dightly differently structured and follows the schema
that can be found in Section A.1.1. An example of the output is the PIM presented in
Section 7.2.3.
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This chapter describes the need for a formal definition of visualization and graphic
knowledge for SemVis and subsequently introduces, abasic solution, the Graphics.owl
ontology, that is used by the system.

5.1. Describing and Formalizing the Field of Visu-
alization

A lot of theoretical knowledge and facts gained from experiments with the human per-
ception are available for the field of visualization and graphic. If it is possible to for-
malize generally accepted facts and knowledge in shape of an ontology, this can be
used as a basis for decisions by visualization systems. The graphical knowledge, once
made explicit, could easily be reused by other applications, when published as part of
the semantic web,in a standardized language such as RDF. Specializations and person-
alizations of these general facts could overwrite the general settings, if necessary.

This graphical or visualization ontology could include statements concerning the max-
imum number of linesin achart that can be easily distinguished by color. And it might
also include sets of colorsthat go well together. The independence or mutual influence
of variables could also be stated in this vocabulary. As an example take the length and
width of an object. These two dimensions could be given meaning and they can be var-
ied independently in a visuaization. However, the visua variable area is dependent
on these two variables and therefore can not represent semantics along with the other
two variables.

Duke et.al. [DBDO04] describe the need for an ontology of visualization with regard to
collaboration, (web) services, and as abasis for research and education. [ARS06] wrote
aprototype ontology for visualization, building on existing yet fragmentary taxonomies
such asthe Data State Model which isalgorithm oriented and several taxonomieswhich
are data oriented.

Unfortunately these ontologies lack a definition of Visual Variables, since their focus
is not on graphical knowledge, and therefore do not fulfil SemVis needs.

Because creating a complete ontology is beyond the scope of this work, this ontology
only contains very basic terms, such asthe Visual Variables or the properties to define
which of these variables are orthogonal. But such an ontology could be extended to
equip the visualization system with further graphic knowledge that is valuable, when
mapping viathe user interface.

5.2. Overview

The Graphics.owl ontology has been devel oped to define a vocabulary of visualization
for usein SemVis. Figure 5.1 givesan overview of al classes (drawn as ellipses), prop-
erties (drawn aslabels on the arrows or as attributes of the classes) and instances (drawn
as rectangles). The following sections will explain the purpose of each classin detail.
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rdfs:Bag

VisualizationPlatform

rdfs subClassOf

hasDependentVariable } ¥
/r_———b— VisualValueSet

offersValueSet

VisualVariable —

dependsOnAnimation

dependsOnViewer belongsToVisualVariable rdf s membear
hasValueType

hasDefaultMullValue A J

offersDiscreteValue

DiscreteVisualValue

offersVisualVariable
hashumeralvValue
hasFractionalValue
VisualElement hasStringvalue

hasVisualization Ability forevisualVariable
VisualizationAbility VisualizationStructure PresentationScenario
Transparency
| norinal ‘ | ordinal ‘ | quantitativ |

‘ TimeHelix | ‘ Timeline | ‘ Sphere |‘ Map | ‘ Chart ‘

‘ Graph ‘ | Globe ‘ | ConeTree ‘ | Table | ‘ PieChart |

Figure5.1. The Graphics.owl ontology — Overview

5.3. VisualVariable

Visual Variables have been described by [Ber81] and are the elements of the graphical
vocabulary [Zeh04]. Bertinidentifiesthevisual variablesarea, size, brightness, texture,
color, orientation and shape, which have been formalized in the ontology. Several other
variables like depth, rotation and transparency have been added, to fulfil the needs of
other output formats than print (c.f. Figure 5.1).

:Visual Vari abl e
a ow : d ass ;

The reflexive, symmetric property hasDependent Var i abl e states that two Vi -
sual Vari abl esarenot fully orthogonal, but depend on each other.

: hasDependendVari abl e
a ow : Obj ect Property , ow : SynmetricProperty ;
rdf s: domai n :Visual Vari abl e ;
rdf s: range : Vi sual Vari abl e ;
ow :inversed :hasDependendVari abl e ;

Mackinlay described and tested the value of Visual Variables for the transmission of
data bel onging to the three categories nominal, ordinal or quantitative[Mac86]. A Vi -
sual Vari abl esabhility to be used for data of one of these categories can be stated by
the property hasVi sual i zat i onAbi | i ty. This allows the visualization system
to automatically propose appropriate Vi sual Vari abl es.

:hasVi sual i zationAbility
a ow : Obj ect Property ;
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rdf s: domai n : Vi sual Vari abl e ;
rdf s:range :VisualizationAbility ;

Every Vi sual Vari abl e defines adefault null value that states which value carries
the least meaning, but does not make the whole instance disappear. E.g. the null value
for Col or isthe Di scret eVi sual Val ue gr ey, however values of simple data
types are aso allowed.

. hasDef aul t Nul | Val ue
a rdf: Property ;
rdf s: domai n : Vi sual Vari abl e ;

The type of a Vi sual Vari abl es values is defined by the property hasVal ue-
Type.!

: hasVal ueType
a rdf : Property ;
rdf s: domai n : Vi sual Vari abl e ;

Other properties are the dependency of the viewpoint of the user (dependsOnVi ew
er ) and the dependency of animation (dependsOnAni mat i on).

: dependsOnVi ewer
a ow : Dat at ypeProperty ;
rdf s: domai n :Visual Vari abl e ;
rdf s: range xsd: bool ean ;

: dependsOnAni mati on
a ow : Dat at ypeProperty ;
rdf s: domai n :Visual Vari abl e ;
rdf s: range xsd: bool ean ;

5.4. DiscreteVisualValue

Vi sual Vari abl es can be assigned a number of possible Di scr et eVi sual -
Val ues. The property of f er sDi scr et eVal ue isused to do that. The associated
inverse property is called bel ongsToVi sual Vari abl e.

: Di scr et eVi sual Val ue
a ow : d ass ;

:of fersDi screteVal ue
a ow : Obj ect Property ;
rdf s: domai n :Visual Vari abl e ;
rdf s: range : Di screteVisual Val ue ;
ow :inverseX :belongsToVi sual Vari abl e ;

: bel ongsToVi sual Vari abl e
a ow : Obj ect Property ;
rdf s: domai n : Di screteVisual Val ue ;
rdf s: range : Visual Vari abl e ;
ow :inversed :offersbDiscretVal ue ;

Thisis needed to dynamically generate values for avariable (c.f. Section 6.4)
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The assignment of numeral values can be donewith the property hasNumrer al Val ue
andhasFr act i onal Val ue (asub property of hasNuner al Val ue). Whilehas-
Fracti onal Val ue directly assignsavalue between 0 and 1, hasNuner al Val ue
assigns arbitrary numbers, whose proportional value has to be dynamically calculated
inrelation to therange of al valuesthat are available. The property hasSt ri ngVal -
ue can be used to assign a string representing the value (e.g. #FF0000 for Red). The
declaration of Di scr et eVi sual Val ues doesnot implicate that no other valuesfor
aVi sual Vari abl e exist.

: hasNuner al Val ue
a ow : Dat at ypeProperty ;
rdf s: domai n : Di screteVi sual Val ue ;
rdf s: range xsd: fl oat

: hasFracti onal Val ue
a ow : Dat at ypeProperty ;
rdf s: subPropertyOf : hasNumer al Val ue ;
rdf s: domai n : Di screteVisual Val ue ;
rdf s: range xsd: fl oat

def aul t: hasSt ri ngVal ue
a ow : Dat at ypeProperty ;
rdf s: domai n : Di screteVisual Val ue ;
rdf s: range xsd:string ;

With the class Vi sual Val ueSet it ispossibleto define sets of Di scr et eVi su-
al Val uesthataVi sual Vari abl e offers. Thiscan be useful to define colorswhich
are agood fit, for example.

: Vi sual Val ueSet
a ow : d ass ;
rdf s: subd assO rdfs:Bag ;

: of f er sVal ueSet
a ow : Obj ect Property ;
rdf s: domai n : Vi sual Vari abl e ;
rdf s: range : Vi sual Val ueSet
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5.5. VisualElement

VisualElement

T

RelationVisualizer

ObjectVisualizer

isSymmetric
isAnimated
Pulsation CaonnectionLine UndirectedAmrow DirectedArrow

PrimaryVisualizer

T

Eoard Cube Sphere

isSymmetric = false | |isSymmetric = true | | isSymmetric = true | |isSymmetric = false
isAnimated = true isAnimated = false isAnimated = false isAnimated = false

Figure5.2. The Graphics.om Ontology — Visual Elements

Any abject that can be seen in the visualization is a Vi sual El enent . Subclasses
define Qbj ect Vi sual i zersand Rel ati onVi sual i zer s (c.f. Figure 5.2). A
Pri maryVi sual i zer isaspecial Obj ect Vi sual i zer and defines al objects
which can be used to visualize Primaries (c.f. Example 4.4).

: Vi sual El enent
a ow : d ass ;

: Obj ect Vi sual i zer
a ow : d ass ;
rdf s: subd assOF : Vi sual El enent

:PrimaryVisualizer
a ow : d ass ;
rdf s: subd assOF : Vi sual El enent

:Rel ationVisualizer
a ow : d ass ;
rdf s: subCl assOf : Qbj ect Vi sual i zer ;

Rel ati onVi sual i zer s can be used to explicitly show the relation between two
values. They split into symmetric and asymmetric, depending on the fact if they are
directed or not. Di r ect edAr r owis an example for a directed, asymmetric Rel a-
tionVi sual i zer whereasUndi r ect edAr r owand Connect i onLi ne are ex-
amples for a symmetric one. It can also be stated if they are animated or not. Other
elements for explicit relation visualization are possible [Pol06].

1isSymetric
a owl : Dat at ypeProperty ;
rdf s: domai n : Rel ati onVi sual i zer ;
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rdf s: range xsd: bool ean ;

:i sAni mat ed
a ow : Dat at ypeProperty ;
rdf s: domai n : Rel ati onVi sual i zer ;
rdf s: range xsd: bool ean ;

For each Vi sual El enent it can be stated which Vi sual Var i abl esit supports.
Although any element could theoretically have almost any variable, it should be ableto
discourage the use of a variable with a particular element. For example, Transparency
should not be used with lines to carry meaning.

:of fersVisual Vari abl e
a ow : Obj ect Property ;
rdfs: domain : VisualizationPlatform Visual El enent,
Vi sual i zati onStructure ;
rdf s: range : Visual Vari abl e ;

5.6. VisualizationStructure

A Vi sual i zati onStruct ur e describes the characteristics of the structure that
is the result of a technique of visualization, including the shape, and suitability for
different presentation scenarios (sui t abl eFor ) but not the technique itself.

:VisualizationStructure
a ow : C ass .

:sui t abl eFor
a ow : Obj ect Property ;
rdf s: domai n : VisualizationStructure;
rdf s: range : Presentati onScenario .

Additionally, for each Vi sual i zat i onVari abl e, it can bedefined, if the structure
supportsits display (property already introduced in Section 5.3).

:of fersVisual Vari abl e
a ow : Obj ect Property ;
rdfs: domai n : VisualizationPlatform Visual El enent,
Vi sual i zati onStructure ;
rdf s: range : Visual Vari abl e ;

5.7. VisualizationPlatform

Theclass Vi sual i zat i onPl at f or mrepresents a final output format. Each plat-
form must be described regarding to its possibilities. Besides the available Vi sual -
Vari abl es, each Vi sual i zat i onPl at f or mstates, if it of f er sAni mati on,
ifitof f er sl nt eracti on and how many spatial dimensions are supported (c.f. Ex-
ample5.1).
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:VisualizationPlatform
a ow : C ass .

:of fersAni mati on
a ow : Dat at ypeProperty ;
rdf s: domai n : Presentati onScenario, VisualizationPlatform
rdf s: range xsd: bool ean .

:offerslinteraction
a ow : Dat at ypeProperty ;
rdf s: domai n : Presentati onScenario, VisualizationPlatform
rdf s: range xsd: bool ean .

:of fersSpati al Di nensi ons
a ow : Dat at ypeProperty ;
rdf s: domai n : Presentati onScenario, VisualizationPlatform
rdf s: range xsd: nonNegati vel nt eger

:of fersVisual Vari abl e
a ow : Obj ect Property ;
rdfs: domain :
Vi sual i zati onPl at f orm
Vi sual El enent,
Vi sual i zati onStructure ;
rdf s: range : Visual Vari abl e ;

Example 5.1. VisualizationPlatform Class

5.8. PresentationScenario

The Present at i onScenar i o describes a use case of the visualization. Here the
hardware and characteristics of the construction and the probable audience can be de-
clared. The current vocabulary allows to define, if stereo display is supported (of -

f ersSpat i al Di nensi on), how many colors the systems graphic devices can dis-
play the maximum resolution of the target systemis, if videos can be played (of f er -

sAni mat i on) andif interactionispossibleat all (of f er sl nt er act i on). Thepo-
sition of the user, i.e. if the situation isimmersive or not, can be stated by the property

i sl nmer si ve.

Three of the properties are also used to describe the Vi sual i zati onPl at f orm
of fersSpati al Di nensi ons, of fersAni mati on and of fersl nterac-

t i on have both classes as their domain (c.f. Example 5.2).

43



A Visualization Ontology

:PresentationScenari o
a ow : Cl ass .

# shared with VisualizationPlatform

:of fersSpati al Di mensi ons
a ow : Dat at ypeProperty ;
rdf s: domai n : Presentati onScenario, VisualizationPlatform
rdf s: range xsd:int

: of f ersCol or
a ow : Dat at ypePr operty ;
rdf s: domai n : PresentationScenario ;
rdf s: range xsd:int

:of f ersResol ution
a ow : Dat at ypeProperty ;
rdf s: domai n : PresentationScenario ;
rdf s: range xsd:int

# shared with VisualizationPlatform

:of fersAni mati on
a ow : Dat at ypeProperty ;
rdf s: domai n : Presentati onScenario, VisualizationPlatform
rdf s: range xsd: bool ean .

# shared with VisualizationPlatform

:offerslinteraction
a ow : Dat at ypeProperty ;
rdf s: domai n : Presentati onScenario, VisualizationPlatform
rdf s: range xsd: bool ean .

21 sl nmer si ve
a ow : Dat at ypeProperty ;
rdfs: domai n : Presentati onScenario ;
rdf s: range xsd: bool ean .

Example 5.2. PresentationScenario Class

5.9. Facts

Besides the visualization vocabulary, the Graphics.owl ontology additionally contains
facts of the field of visuaization. Vi sual Var i abl es such as Sze, X-Pos, Y-Pos,
Z-Pos, Color, Transparency, Orientation etc. are described in regard to their ability of
visualizing nominal, ordinal or quantitative data and also in regard to their mutual de-
pendency. Furthermore abasisof Di scr et eVi sual Val ues such as small, middle,
bigfor Si ze or red, green, bluefor Col or sisdefined. Also instances of common Vi-
sualizationStructures such as Ti meLi ne, Tabl e etc. are described. Here it hasto be
considered, if these should be rather described as classes with appropriate restrictions
and if all these facts should be kept separately from the vocabulary.




Chapter 6. A Novel Mapping
Vocabulary for Semantic
Visualization

For visualization purposes, a means of defining a mapping from facetsto Visual Vari-
ablesis needed. This mapping definition should be reusable, platform independent and
alow for fine configuration as well as for a maximum of automatism.

The Fresnel display vocabulary, described in the Chapter 4, covers the styling of in-
stances and relations with its Format part. However, it is not appropriate for the map-
ping from facetsto Visual Variables. The needed mapping functionality is similar, but
still different from the one of Fresnel. Fresnel offers hooks for CSS styling classes, but
these are intended to decorate display el ementswith concrete parameter settings for the
color, line width or size of al properties or instances of a certain class. The mapping
vocabulary should be able to assign properties to Visual Variables, as defined in the
Graphics.owl ontology in Section 5.1.

TheFresnd styleinformation, resultinginthecl ass-attributes of the result tree, could
have been used for the mapping, but this would have been a misappropriation. Even if
the style information was used, alot of extensions would have been required, in order
to add advanced mapping features.

Therefore, we devel oped anew basic vocabulary for the mapping, orientated at Fresnel.
Itis, asis Fresnel, fully declarative and written in OWL. This allows for a consistent
editing of the definition files and integration of the two languages. The definition of the
mapping in an extra file makes it possible to quickly exchange a mapping and define
alternative mappings for special purposes.

This chapter will explain the challenges for a flexible mapping in general, along with
adescription of the single constructs in the new mapping vocabulary, which is defined
by the Mapping.ow ontology. Short examples of their use in a mapping definition file
can be found at the end of each section.

6.1. Overview

‘ Mapping ‘

i

PropertyMapping
/ A ‘\
ComplexMapping ImplicitMapping ExplicitMapping

‘\/,/‘

MixedMapping

Figure 6.1. Subclasses of Mapping

As Figure 6.1 shows, the mapping from facets to Visual Variables can be subdivided
into implicit, explicit and complex Pr oper t yMappi ngs. Anl npl i ci t Mappi ng
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can be configured using several parameters. It then calculates the values of the Visu-
al Variable for a concrete facet value based on these parameters. By contrast, an Ex-

plicit Mappi ng alowsfor manually mapping single values to each other. The best
from both worlds can befound inthe M xedMappi ng. It can be configured to implic-
itly map the values, however, if there is need, single values can be assigned manual-
ly. Complex structures of avisualization can be described with a Conpl exMappi ng
which is able to process more than one Visual Variable and can consider the context
of avalue.

Figure 6.2 gives an overview of the complete mapping vocabulary, together with ex-
ampleinstances (darkgrey rectangles). The following sections describe the elements of
the language in detail.

[ Classes from Mapping.owl
[1 Classes from Another Ontalogy

[ Instances
Mapping
includelnLegend rdfs subClassOf
rdfs; subClassOf
|
PropertyMapping
sourceFacet 1.7
targetVariable 1.*
rdfs subClassOf rdfs subClassOf
ImplicitMapping ExplicitMapping
rdf:Bag
sourceVaueType nullValue
sourceValueLowerLimit targetVariable 1.1 X
sourceVa uelpperLimit sourceFacet 1.1 rdfs:subClassOf

sourceVauesOutOfLimits
targetValueMin
targetValuehax
discreteTargetValueSet
interpolationType
discreteStepSize
discreteStepCount rdf n
targetVariable 1.1 -
sourceFacet 1.1

f f

Age2SizeMapping FieldOfSociety2ColorSetMapping

— ValueMappingsContainer
hasValueMappings

sourceValueType = xsdinteger null¥alue = graphics: Grey
targetValueType = xsd.float

sourceValueLowerLimit = 0

sourceValueUpperLimit = 100
targetValuehin = 1 A ValueMapping
targetValueMax = 5 sourceVaue targetvalue
interpalationType = linear i

graphics:

rdf:Resource DiscreteGraphicalValue

[ Classes from Mapping.owl
[__1 Classes from Another Ontology
[ Instances

ExampleValueMapping

sourceYalue = mid: FieldOfEnvironment
targetValue = graphics: Green

Figure 6.2. Mapping.owm

6.2. Mapping

The super class of all mappingsisthe classMappi ng. A first, but abandoned ideawas
to define the mapping by a single statement, using the property map:isMappedTo:
facet A i sMappedTo vi sual Vari abl eB .

However, this turned out to be insufficient for defining details of a mapping and was

not consistent with the way Fresnel works. Interms of clean ontology construction, this
is even semantically wrong, since the fact of being mapped to visualVariableB is not
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generally true for facetA, but applies only in acertain application for a certain purpose.
Instead of using asimple statement, the mapping is now modelled as an instance of the
Mappi ng class.

Common to all Mappi ngs, isthe option of being included in alegend or not. For this
purpose, al Mappi ngs share the boolean property i ncl udel nLegend.

: Mappi ng
a ow : d ass ;

;i ncludel nLegend
a ow : Dat at ypeProperty ;
rdf s: range xsd: bool ean ;
rdf s: domai n : Mappi ng ;

6.3. PropertyMapping

A Propert yMappi ng definesthe mapping from onefacettoaVi sual Vari abl e.
However, this only draws a general connection between afacet and aVi sual Vari -
abl e. Theinteresting part remains the mapping of the values, which is|eft to the sub-
classes of Pr oper t yMappi ng.

: Pr oper t yMappi ng
a ow :d ass ;
rdf s: subCl assOf : Mappi ng;
rdf s: subCl assOf |
a ow : Restriction ;
ow : onProperty :sourceFacet ;
ow :mnCardinality "1"~"sxd: nonNegati vl nt eger ;

]
rdf s: subCl assOf |
a ow : Restriction ;
ow :onProperty :targetVariable ;
ow :m nCardinality "1"~"sxd: nonNegati vl nt eger ;

]

The properties sour ceFacet and t ar get Var i abl e* must be defined for each
PropertyMapping and therefore the minimum cardinality for these two properties is
set to 1. Therestriction of the maximum cardinality of sour ceFacet andt ar get -
Var i abl e isleft to the subclasses of Pr oper t yMappi ng.

6.3.1. sourceFacet

The property sour ceFacet pointsto the source property of the mapping. The range
isrdf:Property.

: sour ceFacet
a ow : Obj ect Property ;
rdf s: range rdf: Property ;
rdf s: domai n : PropertyMappi ng ;

6.3.2. targetVariable

The required property targetVariable points to the target
gr aphi cs: Vi sual Vari abl es of the mapping. There may be more than

! avoided to use the terms range and domain in this context, to avoid confusion with the domain and range
of properties used in RDFS.
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one targetVariabl e defined with Conpl exMappi ngs. All the defined
gr aphi cs: Vi sual Vari abl eswill be affected by the mapping.

:target Vari abl e
a ow : Obj ect Property ;
rdf s: range graphics: Vi sual Vari abl e ;
rdf s: domai n : PropertyMappi ng ;

Pr opert yMappi ng has three speciadizations: | npl i ci t Mappi ng, Expli c-
i t Mappi ng and M xedMappi ng which are now further described.

6.4. ImplicitMapping

Anl nplicitMppi ngisaPropertyMappi ng whichimplicitly mapsthe facets
valuesto Vi sual Var i abl esand does not require an explicit mapping for each val-
ue. When performingan | npl i ci t Mappi ng, SemVistakesall source values within
defined limits and maps them to the whole available range of Visua Variable values,
which is defined by a minimum and maximum. An | npl i ci t Mappi ng must have
exactly onesour ceFacet andt ar get Vari abl e.

21 nplicitMpping
a ow :Class ;
rdf s: subCl assOf : Mappi ng;
rdf s: subCl assOf |
a ow : Restriction ;
ow : onProperty :targetVariable ;
ow :cardinality "1"~"sxd: nonNegati vl nt eger ;

]
rdf s: subCl assOf |
a ow : Restriction ;
ow : onProperty :sourceFacet ;
ow :cardinality "1"~"sxd: nonNegati vl nt eger ;

]

To configure the mapping, several parameters such as the limits for source values and
target values, as well as the interpolation type can be defined by properties of the | m
plicitMappi ng. Section 6.4.3 explains these properties that are common to all im-

plicit mappings.

Depending on the characteristics of the source and target values it can be distinguished
between variants of ImplicitMappings (c.f Figure 6.3). Section 6.4.4 and the following
sections describe the four possible combinations of mappings from continuous to con-
tinuous, continuous to discrete, discrete to discrete and discrete to continuous. Addi-
tional properties that are required for a particular variant are introduced at the end of
each section.
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/ 15.0
1 \ yellow 3

Continous to Continuous Discrete to Continuous
Example: Fractional Values to Color Range Example: Ordered Elements to a Position in Space
0 . .
0 Highlmportance - " Big
0.2
discreteStepSize greaterV
0.5 MediumImportance
greaterThan
0.8 Tgreateﬂhan
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Continuous to Discrete

Example: Importance to Steps of Size as Numerals Discrete (Total Order) to Discrete
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Figure 6.3. Mappings between Discrete and Continuous Values

6.4.1. Relations between ObjectProperty Values

Depending on the existing in-between-rel ationships, the data can be classified as nom-
inal, ordinal or quantitative (also c.f. Section 2.3.3). As described in Section 5.3, the
Vi sual Vari abl esareequipped with aproperty to statetheir ability for each of these
characteristics of the data. But the relations between the val ues can be used to a so allow
theimplicit mapping of discrete values of owl: ObjectPropertys. Thisappliesequally to
value sets on the source and the target side of the mapping.

While all ObjectProperty values are nominal data, some of them do not offer any order
relation and are consequently not ordinal. If, however, such an order relation exists,
it can further be distinguished between atotal order (e.g. forming alist structure) and
a partial order (e.g. forming a tree structure). See Figure 6.4 for an example of tree
structured data that is mapped to color values. The similarity of the colorsis based on
the structural distance of two nodesin the tree.

{ — blue green
/’ - " green blue
k&——b —— I red

Figure 6.4. Mapping Ordinal Data (Tree Structure)

An example for the more usual case of a list structure was already given inFig-
ure 6.3 (bottom, right), where the discrete source values are ordered by the relation
gr eat er Than.

Quantitative data offersinformation on the proportion between two values. Thisapplies
to al numeral values, but is difficult to express for ObjectProperty valuesin RDF due
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to the fact that this can not be expressed directly by abinary relation. However, design
patterns for the description of n-ary relations exist, [N-Ary].

6.4.2. Adding Order and Ratio to ObjectProperty Values

Alternatively to the definition of a new order relation between ObjectProper-
ty values and connecting them by this means, a numeral value can be at-
tached, which is able to provide the ordinal information and additionally al-
so quantitative information. The properties gr aphi c¢s: hasNuner al Val ue and
gr aphi cs: hasFracti onal Val ue can be reused for this purpose (c.f. Sec-
tion 5.4).

6.4.3. Common properties

These properties are commonto all | npl i ci t Mappi ngs.

Value Types

Tointerpret the source values correctly and to be able to generate correct target values,
the type of the source and target values has to be known to the system. The type of the
target variable values is given by the gr aphi cs: hasVal ueType property of the
gr aphi cs: Vi sual Vari abl e. Thetype of the valuesfor the source facet does not
need to be the same for al values. Since that, it has to be stated, which type is handled
by the mapping.

: sour ceVal ueDat at ype
a ow : Obj ect Property ;
rdf s: domain :1nplicitMpping;

Source Value Limits

The setting of limits for the source values is optional. The properties sour ceVal -
ueLower Li mi t andsour ceVal ueUpper Li mi t definethe span of source values
which are mapped. Other values, outside this span, are either cut® or set to the limiting
values, depending on the value for the property sour ceVal uesQut OfF Li mi t s. If
no limits are defined, the range of source values should be calculated from al available
source values.

:sour ceVal ueLower Li mi t
a rdf: Property ;
rdf s: domain : 1 nplicitMpping;

:sour ceVal ueUpperLi m t
a rdf: Property ;
rdf s: domain : 1 nplicitMpping;

:sourceValueQut OfLimits
a ow : Dat at ypeProperty ;
rdf s: range |
a ow : Dat aRange ;
ow :onef ("limts"~xsd:string "cut"~"xsd:string)

¢
rdf s: domain : 1 nplicitMpping;

This equals a selection on a higher processing level.
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Target Value Range

The propertiest ar get Val ueM n andt ar get Val ueMax arerequired and define
aminimum and maximum value for the gr aphi cs: Vi sual Val ues. The range of
the two properties could be restricted to equal the type of the target variables values.

:targetVal ueM n
a rdf: Property ;
rdf s: domain :1nplicitMpping;

:t ar get Val ueMax
a rdf: Property ;
rdf s: domain :1nplicitMpping;

Interpolation

Anl npli ci t Mappi ng needsto define, how theinterpolation of valuesisdone. The
property i nt er pol ati onType isused for that and can have the valueslinear, log-
arithmic or exponential®. The default value should be linear.

;interpol ati onType
a ow : Dat at ypeProperty ;
rdf s: range |
a ow : Dat aRange ;
ow :onedX (
"linear"~"xsd:string
"l ogarithm c"~"xsd: string
"exponentiel | "~Axsd: string

)

rdf s: domain :1nplicitMpping;

6.4.4. Continuous to Continuous

Themost simplistic caseisthe mapping of continuous facetsto continuousVisual Vari-
able values. This can be configured by the common properties already introduced be-
fore. Figure 6.3 (top, left) shows an example of this kind of mapping. Here fraction-
a values, which could represent the importance of something (expressed as numerals,
ranging from O to 1), are mapped to a color gradient that is described by using the
properties targetVal ueM n (settographi cs: Red)andt ar get Val ue-

Max (set to gr aphi cs: Yel | ow). Please note that not the whole range of potential
source values is chosen, but the source values are limited. Only the remaining rangeis
mapped, where the lower limit value corresponds to yellow and the upper limit value
to red. Other values can be set to the limiting values, for example. This behavior can
be achieved by setting the property sour ceVal uesQut O Li mi t s tolimitsinstead
of the default value cut.

6.4.5. Continuous to Discrete

A mapping from a continuous facet to discrete visual values can also easily be per-
formed. Figure 6.3 (bottom, left) shows how intervals of values are mapped to discrete
numeral values. For example, again values from the facet i npor t ance (ranging be-
tween 0.0 and 1.0 ) can be mapped to the discrete numeral values of the Vi sual -
Var i abl e Sze with the fixed sizes 0.0, 0.5, and 1.0.

*This property needs more parameters to be configured and should make use of [MathML].
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However, the discrete values on the target side can also be ObjectProperty values. In
this case the definition of an order relation between the values, as described in Sec-
tion 6.4.1, isrequired. If only the mutual distinction of valuesisthe goa of a mapping,
but no information on the relation between the source values shall be expressed, the
source values can be mapped arbitrarily to the discrete or quantized target values.

discreteStepSize and discreteStepCount

The step size can be set with the property di scr et eSt epSi ze or, aternatively,
with the property di scr et eSt epCount in addition to the required maximum and
minimum values for the target variable.

:di screteStepSi ze
a ow : Dat at ypeProperty ;
rdf s: range xsd:fl oat ;
rdf s: domain :1nplicitMpping;

:di screteStepCount
a ow : Dat at ypeProperty ;
rdf s: range xsd: nonNegati vel nt eger ;
rdf s: domain :1nplicitMpping;

Set of Target Values

The set of objects that are used as values for the mapping can be optionally limited with
theexplicit definition of agr aphi c¢s: Vi sual Val ueSet . Asan example such a set
could define anumber of colorsthat match well. Predefined setsare provided asfactsin
the Graphics.oml ontology. A set of Di scr et eVi sual Val ues can be defined with
the property di scr et eTar get Val ueSet .

:di screteTar get Val ueSet
a ow : Obj ect Property ;
rdf s: range graphics: Vi sual Val ueSet ;
rdf s: domain : 1 nplicitMpping;

The existence of aTar get Val ueSet should berequired by restrictions, if not ar -
get Val ueM n andt ar get Val ueMax values are given.

6.4.6. Discrete to Continuous

The other way around a so the mapping from discrete ObjectProperty values or numer-
alsto continuous values hasto be possible. Again providing an order between the object
valuesisrequired. Figure 6.3 (top, right) shows, how object values, that form alist are
mapped to values within arange from 10.0 to 15.0. An example for thisisthe position-
ing of sorted items in space. If quantitative values are offered (c.f. Section 6.4.1), the
ratio of the source values can be mapped to the target values. If only ordinal values are
provided, as in the example, the target values will all have equal distance (for alinear

mapping).

6.4.7. Discrete to Discrete

For this kind of mapping, the problems of order and quantitative information for dis-
crete values apply to the source and target side of the mapping. Figure 6.3 (bottom,
right) shows, how the object values labeled Nolmportance, Mediumlmportance, and
Highlmportance are implicitly mapped to Di scr et eVi sual Val uesfromtheVi -
sual Vari abl e Sze. For this example, consider the values of the facet and the Vi -
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sual Vari abl e as related to each other by the gr eat er Than relationship. This
forms two lists, which can be implicitly mapped.

Again, the unproportional mapping of values, requires quantitative information.

6.5. ExplicitMapping

With the help of an Expl i ci t Mappi ng, values can be manually mapped to each
other. This is often necessary for discrete values of ObjectPropertys which lack any
structure between them (either on the source or target side), so that no implicit map-
ping can be performed. But an explicit manual mapping might also be needed for
ow : Dat at ypePr oper t ys with integers or strings as a range, whenever a precise
value assignment is required. See Figure 6.5 for an example.

All other values " nullvalue = grey

implicitly

Politics green

Environment yellow

Art orange

Figure 6.5. Explicit Mapping of Discrete Unstructured Values

: Expl i ci t Mappi ng
a ow : d ass ;
rdf s: subCl assOf : Mappi ng ;
rdf s: subCl assOf [
a ow : Restriction ;
ow :onProperty :targetVariable ;
ow :cardinality "1"~"sxd: nonNegati vl nt eger ;

]
rdf s: subCl assOf [
a ow : Restriction ;
ow : onProperty :sourceFacet ;
ow :cardinality "1"~"sxd: nonNegati vl nt eger ;

]

In the following, the constructs are described that are necessary for the mapping of the
single values and also, how it is proceeded, if avalueis missing.

6.5.1. ValueMapping

Aninstance of Val ueMappi ng maps adiscrete facet value to adiscrete Visual Vari-
ablevalue. Val ueMappi ng isasubclass of Mappi ng and inheritsthe property i n-
cl udel nLegend. Thisway, it can consistantly be defined, if this Val ueMappi ng
should appear in alegend.

: Val ueMappi ng
a ow : d ass ;
rdf s: subd assOf : Mappi ng;

The following two properties are used with a Val ueMappi ng and define the source
and target value.*

“Currently t ar get Val ue alows only gr aphi cs: Di scr et eVi sual Val ues to be the target value.
This should be relaxed.
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: sour ceVal ue
a rdf: Property ;
rdf s: domai n : Val ueMappi ng ;
rdf s: range rdf: Resource ;

:target Val ue
a ow : Obj ect Property ;
rdf s: domai n : Val ueMappi ng ;
rdf s: range graphi cs: Di screteVisual Val ue ;

6.5.2. ValueMappingsContainer

Val ueMappi ngsCont ai ner isnot a Mappi ng itself, but a class that works as a
container for all instances of Val ueMappi ng belongingtoan Expl i ci t Mappi ng.
It extends the rdf: Bag class.

: Val ueMappi ngs
a ow : d ass ;
rdf s: subd assOf rdf: Bag;

The container providing the set of Val ueMappi ng instances is attached to an Ex-
plicit Mappi ng with the required property hasVal ueMappi ngs.

: hasVal ueMappi ngs
a ow : Obj ect Property ;
rdf s: domai n : ExplicitMapping ;
rdf s: range : Val ueMappi ngsCont ai ner ;

6.5.3. nullValue

The optional property nul | Val ue points to a
gr aphi cs: Di scr et eVi sual Val ue that should be used, if no Val ueMappi ng
existsfor agiven source value. It is not intended to define the smallest value for avari-
ableused in the visualization (thisisdefined by thet ar get Val ueM n property), but
thevaluethat carriestheleast possible semantics. Thisisusually an average value, such
asgreyinthefield of colors.

If this property is wundefined, the null vaue defaults to the
gr aphi cs: Vi sual Vari abl es gr aphi cs: hasDef aul t Nul | Val ue. If this
is also missing, awarning should be issued and the average value of al Di scr et e-
Vi sual Val ues should be calculated. The null value owerwritesthe Vi sual Vari -
abl esdefault null value, to allow different null values for different presentations.

:nul | Val ue
a ow : Obj ect Property ;
rdf s: domai n : ExplicitMpping ;
rdf s: range graphics: Di screteVi sual Val ue ;

6.6. MixedMapping

M xedMappi hg combines implicit and explicit mappings by inheriting from both
classes. When evaluating the mapping, a value from the Expl i ci t Mappi ng over-
writesvaluesfromthel npl i ci t Mappi ng. Thisalowsto roughly configure a map-
ping implicitly, but still partially define special values by hand.

: M xedMappi ng
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a ow :dass ;
rdf s: subCl assOf : I nplicitMpping, :ExplicitMpping ;

After having introduced the straightforward implicit and explixit mappings, the next
section will deal with more advanced Pr oper t yMappi ngs.

6.7. ComplexMapping

The process of building a visualization structure can be seen as a complex mapping.
Thisallowsfor aconsistant handling of the construction of visualization structures and
simple mappings. ComplexMapping is a subclass of Pr oper t yMappi ng (c.f. Fig-
ure 6.6).

: Conpl exMappi ng
a ow : d ass ;
rdf s: subd assOF : PropertyMappi ng ;

It is attributed as complex, because the facet values can result in values for multiple
Vi sual Vari abl es(t ar get Var i abl e isnot restricted to 1). Moreover, the val-
ues might be dependent on the context. As an example, take a mapping to spatial vari-
ables. The final value for the position depends on other values of neighbour objects,
e.g. objects might need to be rearranged to avoid overlapping. Similarly the color value
of an item might depend on color values of adjacent items to ensure a necessary level
of contrast for the distinction of two values.

Conpl exMappi ngs are not even limited to one sour ceFacet (the cardinality is
not restricted to 1). This becomes necessary with the construction of periods in time-
lines, for example. Here values from a startTime and endTime facet need to be pro-
cessed.

A Conpl exMappi ng isaso responsible for providing explicit valuesin the form of
scales. This is because a scale should be drawn dependently of the actually occurring
values and must be positioned according to the structure itself.

Subclasses of Conpl exMappi ng (c.f. Figure 6.6, TimeHelixMapping) can be used
to describe a class of mappings having certain requirements, e.g. the need for partic-
ular sour ceFacet s or other characterigtics, e.g. the Vi sual Vari abl esthat are
affected by the mapping.

Whileit can be stated relatively easily that asubclass of Conpl exMappi ngshas cer-
tain Vi sual Vari abl esast ar get Var i abl es, therestriction of sour ceFacet

values is more difficult. The solution, also displayed in the diagram as pseudo code,
proposes the restriction of the sour ceFacet to a specific facet. An instance of the
mapping could meet this requirement by making itssour ceFacet asubPr oper -

t yOF therequired sour ceFacet . Inference alows it to be used instead of the de-
fined property.

However, it has to be found a way to restrict more than one sourceFacet. Also, are-
striction to types of afacet values, rather than to specific facets, is desirable. E.g. all
properties with a range of xsd:date, xsd:dateTime or xsd:time. This way every facet
that offers time values could be assigned to the visualization structure. One possible
solution is presented in Section 6.7.3.

Thedefinition of Conpl exMappi ng requiresmoreinvestigation, also in regard to the
possibilities of staying in OWL DL, since using a property as avalue is only possible
in OWL FULL.
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Mapping

rdfs:subClassOf
|

PropertyMapping

rdfs SUE)CEEEOf graphics: VisualizationStructure

huildsStructure

ComplexMapping
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rdfs.sutlJCIaSSOf

TimeHelixMapping

Rastrictions on sourceFacet
and {argstVanahie

rdfs:insltanceOf

TimeHeliximpl

url = structures/TimeHelix class
huilds Structure = graphics: TimeHelix
sourceFacet = history: birthDate

Figure 6.6. ComplexMapping

6.7.1. url

One question that occurred, when thinking about Conpl exMappi ngs, was the best
place for defining the algorithms that build the structures. As these are operational se-
mantics at the moment, they cannot be defined directly in the mapping definition files.
Although the description of the algorithms with a rule language could be possible, the
adoption of a non-imperative rule language was beyond the scope of this work. We
decided to put the information on the construction of a visualization structure into Ja-
va classes, which are referred to by the other mapping constructs, being aware of the
lack of resusability in comparison to the other descriptions. This means, when introduc-
ing anew Conpl exMappi ng to the system, a Java class, extending the class Comt
pl exMappi ng, hasto be written.

Theclassthat providesanotation of the algorithms, which perform the Conpl exMap-
pi ng isdefined with the property ur | .

curl
a ow : Dat at ypeProperty ;
rdf s: range xsd: anyUri
rdf s: domai n : Conpl exMVappi ng;

6.7.2. buildsStructure

Thisproperty pointstoaninstanceof Vi sual i zat i onSt r uct ur e asdefinedinthe
Graphics.om ontology. The Conpl exMappi ng definesits requirements and config-
uration possibilities from the construction point of view. However, facts on the charac-
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teristics and abilities of a particular visualization structure are in the focus of the class
graphi cs: Vi sual i zati onSt ruct ur es. A ComplexMapping can belinkend to
an instance of this class with the property bui | dsSt ruct ure.’

tbuil dsStructure
a ow : Obj ect Property ;
rdf s: range graphics: VisualizationStructure ;
rdf s: domai n : Conpl exMappi ng ;

6.7.3. Example

The following listing gives an example of aConpl exMappi ng, including a possible
definition of a subclass that restricts its sourceFacet values to selected types. In the
example an instance of a class called Ti neHel i xMappi ng is defined. Thisclassis
restricted to allow only properties with the range xsd: dateTime, xsd: date and xsd:time
as values. Here a solution employing a meta property class is chosen.

# property meta cl ass
# (globally restricting the range to sel ected cl asses)
map: Ti neProperty
a ow :d ass ;
ow : equi val ent d ass
[ a ow:dass ;
ow :intersecti onOf (
[ a rdf:Property;
rdf s: range [
a ow :C ass ;
ow : uni onOf (
xsd: dat eTi me
xsd: time
xsd: date )

]
rdf: Property

# (locally restriction of the Ti meHel i xMappi ng sourceFacet to
# propertys that are instances of the above defined neta cl ass)
: Ti meHel i xMappi ng
a ow : C ass
rdf s: subCl assOf map: Conpl exMappi ng;
rdf s: subd assOf
[ a ow:Restriction ;
ow : soneVal uesFr om map: Ti neProperty ;
ow : onProperty map: sour ceFacet

]

:aTi meHel i xMappi ng
a map: Ti meHel i xMappi ng ;
:bui l dsStructure graphics: 3DHel i x ;
:sourceFacet hist:hasStartTine ;
:sour ceFacet hi st: hasEndTi ne ;

®It has to be further investigated, if the separation of Vi sual i zat i onSt r uct ur e and Conpl exMap-
pi ng isjustified or if they should be merged.
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6.8. Inference

When mapping data from different sources, the names of the properties to be mapped
are unlikely to be the same. This would require a central global naming instance and
contradict the idea of the web [OWL]. But instead of adding a mapping for every
new similar, but differently named property, the ontologies can be mapped and con-
nected to each other. This approach aso improves the interconnectedness of vocab-
ularies. Two possibilities exist to map properties from one vocabulary to another:
rdf s: subPropertyCOf andow : equi val ent PropertyCr.

With the help of t he rdf s: subPropertyOf relationship, it can be stated that a
property isaspecialization of another more general property. Thismeansfor aproperty,
that is mapped to a Visual Variable, that also every sub property is mapped to this
Visual Variable.

However, usingr df s: subPr oper t yOF relationshipsisinappropriate in the case of
total equivalence of two properties. When it is sufficient for an instance to be related
by a property A to aso be related to a property B, and not only necessary, the proper-
ties should be related with the OWL construct owl : equi val ent Pr opert y® (c.f.
Example 6.1). The mapping defines this inference by default, however it depends on
the reasoner whichisused, if thefacts are evaluated. Whiler df s: subPr opert yOf

only requiresafast RDF(S) reasoner, oM : equi val ent Pr oper t y necessitatesthe
use of a computational more expensive OWL reasoner. The inference behavior can not
be turned off for the moment. However, an equivalent approach as in the Fresnel Se-
lector Language [FSL] could be chosen, where the inference is switched on by adding
aspecia character in front of the statement.

# relating properties with rdfs:subPropertyCf
presidents: born rdfs: subPropertyXf hist:hasStartTi ne.

# relating properties with ow :equival ent Property
hi st: hasStartTi me ow : equi val ent Property someM dLevel Ont ol ogy: begi ns.

Example 6.1. Ontology Mapping by I nference

6.9. Explicit Display of Relations

Relations, i.e. to ObjectProperty values, can be displayed explicitly. Usually, the fact
that thereisaconnection between two instancesisvisualized implicitly by spatial neigh-
bourhood. That means child instances are displayed within a Pr i mar yVi sual i z-
er or attached to it so that they can be visually associated with their parent. The Fres-
nel sublens mechanism supports this by allowing to choose varying representations for
child instances.

However, there might be situations, when more than one class is defined as a Prima-
ry, or there might exist a reflexive relationship for a Primary. Then it is useful no to
display additional instances as children, but to display the instances where they are
positioned by the mapping and show the relation between a pair of instances with the
help of additional graphical elements. A standard meansfor thisis the use of arrows or
connection lines depending on the directedness of the relation. These are described as
Rel ati onVi sual i zer sin the Graphics.owl ontology (see also Section 5.1).

®owl:sameAs, which states equality between individuals, could also be used to map properties. However,
sincethisrequirestreating properties asindividuals, thisisonly allowed in OWL FULL, which has expensive
reasoning characteristics. C.f. the definition of equivalentProperty: http://www.w3.org/TR/owl-ref/#equiva-
lentProperty-def
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The definition of explicit relation visualization can be done in SemVisin the same way
that properties are mapped to Visual Variables: Thet ar get Vari abl e’ of aPr op-
ert yMappi ng might also pointtoaRel ati onVi sual i zer.Rel ati onVi su-
al i zer smay be used in combination with amapping to Vi sual Vari abl es.

6.10. Limitations

In contrast to Fresnel, the SemVis mapping is unaware of the context at the moment.
A property is aways mapped to the same Visua Variable. However, there might be
situations, where, depending on the values of other assigned Visua Variables, such as
position in space, different graphical properties have to be employed. At the current
state amapping is equally valid for the whole visualization and every Primary whereas
Fresnel alows for the definition of Formats for properties depending on the instance
that uses them. Only in Conpl exMappi ngsit is possible to map multiple properties
to the same Visual Variable.

"It could be argued that the property t ar get Var i abl e should be renamed to allow this generalization.
It could be changedto t ar get .
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Chapter 7. A Model-Driven
Architecture for Flexible
Visualization

The system architecture of SemVisfollows the principles of a Model-Driven Architec-
ture (MDA) as described by the Object Modelling Group (OMG). A Model-Driven Ar-
chitecture consists of Platform Independent Models (PIM) that are transformed, mostly
with the help of additional knowledge, to more specific models, the Platform Specific
Models (PSM) and finally into code, representing the most specific model. A model
can only be referred to as platform specific or platform independent when seen from a
certain viewpoint, since the terms are relative. Thisviewpoint isthefinal Visualization
Platform throughout this chapter.

The reason for the model-driven approach was the need for a maximum of variability.
The system should be variable in two ways (c.f. Figure 7.1): At first the Visualization
Platform should be exchangeable, and secondly the mapping of facets to Visua Vari-
ables should be exchangeable as well. Figure 7.1 shows the two variation points. The
first isthe mapping from facets (on the left side) to agenera concept of a Visual Vari-
able (center), which is formalized by the Vi sual Vari abl es of the Graphics.owl
vocabulary. In a second step, these general concepts have to be transformed to means
that the final Visualization Platform offers (right side). Some concepts might not be
applicable to a particular Visualization Platform. In this case the system creates an a-
ternative representation.

Facets Definition Graphical Variables defined Mapping by templates Arbitrary visualization
file in graphics ontology platforms

Graphical Variable
Facet & \\—> Concept,Color
"\
S
.

Concrete
visualization
plattform A

Backgroundcolor

Fontsize
e.g. Java 3D, X3D

Depth of Timeline
ModellStructure

.
.
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4 Graphical Variable
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visualization

latform B
Radius of P
representing circles eyg

- SVG
Textual representation - XHTML website
- PDF

Fontcolor

-
——» | Graphical Variable r
Concept ,Depth”
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Figure 7.1. Variability of SemVis

The structure of this chapter is as follows: Section 7.1 shows what the model transfor-
mation steps in SemVis are, which additional knowledge is added at what time of the
overal process and which PIMs and PSMs are generated. Section 7.4 describes this
additional knowledge and Section 7.2 describes each application of the MDA pattern
indetail. Finally, Section 7.5 compares SemVisto the Graphical Modeling Framework
for Eclipse (GMF).
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7.1. A Model-Driven Architecture

Domain Model
in ROFADWL
(selected data)

@% fresnel-definition.n3 fresnel owl

Structuring, and paradigm-agnostic Formating

Java Object Modell
Fresnel tree as xhL {representing Fresnel
selection]) (FIM)
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information
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Java Object Model
(PIM

Templates

O

Transformation into specific code for the final

% @ Visualization Platform

Semvis Model as XML (gﬂsdrj)

Figure 7.2. SemVis as a Model-Driven Architecture

Figure 7.2 shows the architecture of SemVis from the point of the Model-Driven Ar-
chitecture. The SemVis architecture performs three transformation steps:

Thefirst transformation is done by the integrated Fresnel Engine. It uses the presenta-
tion knowledge in the fresnel-definition.n3 file for selecting and formatting the RDF
data, which represents the Domain Model. The added presentation knowledge is fully
presentati on-paradigm-agnostic. There is the possibility to output the generated model
as XML, however, SemVis proceeds directly with the Java objects, that are generated
by the Fresnel Engine'.

The second step is performed by SemVis Mapping Component. With the additional
presentation knowledge, defined in the mapping-definition.n3 file, it adds presentation-

'See also Section 4.7
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paradigm-specific information. Y et the generated modd is still not bound to a specif-
ic Visualization Platform. It exists in the shape of Java objects, what allows for easy
computation on these objects.

Thethird and last transformation step isfinally left to the Java Emitter Templates[JET]
which do the rendering of the code for the final Visualization Platform (PSM) such as
X3D or SVG. A template, which processes the Java objects from the second step and
writes platform specific code can be created for arbitrary Visualization Platforms.

With the XML Jet template, it is also possible to again receive the generated model as
XML output, which represents another PIM that can be transformed with other tools,
for instance.

7.2. Applications of the MDA Pattern

The MDA pattern is applied multiple times by the SemVis architecture. This section
describes the three transformation steps and compares the associated models: The RDF
data, the Fresnel treeasaPIM, the SemVisModel asafurther PIM and finally the Code
for the Visualization Platform (here X3D’ code) as the PSM. All transformation steps
can not be done fully automatically, but require the input of additional knowledge to
control the transformation (c.f. Figure 7.2).

As an example, data from a knowledge base about US presidents is taken and trans-
formed step-by-step into X3D code. Please note, that uninteresting parts are left out

and replaced by "...".

7.2.1. RDF Data (Domain Model)

The domain model of SemVisis represented by RDF data. The following excerpt of an
RDFfile (c.f. Example 7.1) defines an instance of the class Pr esi dent . The notation
isRDF/XML.

2Extensible 3D — A standardized format for the description of 3D scenes [X3D]
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<rdf: Descri ption

rdf : about="http://simle.../presidents/itenm#Abraham®@0Li ncol n' >
<a: | abel >Abr aham Li ncol n</ a: | abel >

<b:type resource="#President" />

<d: i mageURL>

http://upl oad. ../ Abraham Li ncol n. j pg

</ d: i mageURL>

10 <d:url>http://en.w ki pedi a. org/wi ki /Abraham Li ncol n</d: url >
11 <d:presidency rdf:resource="16" />

12 <d:termpl9</d:terne

13 <d:ternmp20</d:terne

14 <d: birth>1809-02-12</d: bi rt h>

15 <d: deat h>1865- 04- 15</ d: deat h>

16 <d:index>16</d:index>

17 <d:dielnOfice>yes</d:dielnOfice>

18 <d: party>Republican</d: party>

19 <d:birthPl ace>Hardi n County, Kentucky, USA</d:birthPlace>
20 <d:deat hPl ace>Washi ngt on, D. C. </ d: deat hPl ace>

21 <d:religion>no affiliation</d:religion>

22 <d:birthLat Lng>38. 210509, - 84. 875859</ d: bi rt hLat Lng>

23 <d: deat hLat Lng>38. 895, - 77. 036667</ d: deat hLat Lng>

24 <exhibit:origin>

25 http://simle.../presidents/presidents. htm #Abr aham®20Li ncol n
26 </exhibit:origin>

27 </rdf:Description>

O©CO~NOULhA, WNPEP

29 ... nore Descriptions ...

Example 7.1. RDF Description of the Domain Model

7.2.2. First Transformation — RDF to Fresnel Tree

Thefirst application of the MDA pattern is performed by the Fresnel Engine. Thetrans-
formation is passed the RDF data (more precisely a selected fraction of it) and addi-
tionally the fresnel-definition.n3 file that defines how to pick acertain view on the data
and how the data has to be formated. After the transformation, the structured data is
then represented as amodel of Java objects. Alternatively, the SIMILE Fresnel Engine
allows the rendering of the Fresnel model as XML, conforming to the schema fresnel -
output.xsd, that can be found in the appendix (c.f. Section A.1.1).

Example 7.3 shows an example for this XML version of the Fresnd Platform Indepen-
dent Model, continuing the examplefrom Section 7.2.1. Although only selected proper-
tieswith exactly one value per property are picked by Example 7.2, the amount of nec-
essary code has been drastically increased. Theresourcetitleistaken from the property
rdf s: | abel (c.f. Example7.2, line 11; Example 7.3 line 5). A link to the stylesheet
that appliesto all members of the group mai nGr wasadded (c.f. Example 7.2, line 1-6;
Example 7.3 line 4). Values of the property i mageUr | are marked to be displayed
as an image by the attribute out put - t ype="i nage" (c.f. Example 7.2, line 24;
Example 7.3 line 9). Thest yl e-attri but esareturned into cl ass attributes of
the values (c.f. Example 7.2, line 26; Example 7.3 line 6). A new label, replacing the
standard property label is added to the propertiesr el i gi on and party (c.f. Exam-
ple 7.2, line 32; Example 7.3 line 27).
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:mainG rdf:type fresnel: Goup ;

fresnel : styl esheetLink "styl es/ person. css" ;
fresnel : pri maryC asses (
e: Presi dent

)i

:personLens rdf:type fresnel:Lens ;

fresnel : purpose fresnel :defaultlens ;
fresnel : cl assLensDomai n e: Presi dent;
fresnel:title rdfs:|abel;
fresnel : showProperties

(

d: i mageURL

d:birth

d: party
d:religion
)

fresnel : group : mai nG ;

curl Format rdf:type fresnel: Format ;

fresnel : propertyFormat Domai n d: i mageURL;
fresnel : val ue fresnel :image ;

fresnel : | abel fresnel:none ;

fresnel : propertyStyle "image" ;

fresnel : group : mai nG ;

:partyFormat rdf:type fresnel: Format ;

fresnel : propertyFor mat Domai n d: party ;
fresnel : |l abel "Party: "~Mxsd:string ;
fresnel : group : mai nG ;

Example 7.2. Example Fresnel Definition
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1 <results>

2 <resource

3 uri="http://simle.../presidents/itentAbrahan?20Li ncol n">
4 <l i nk>styl es/ person. css</| i nk>

5 <title>Abraham Li ncol n</title>

6 <property cl ass="i mage"

7 uri="http://simle.../presidents/property# mageURL">

8

<val ues>
9 <val ue cl ass="" output-type="i mage" >
10 <title>
11 http://upl oad. wi ki medi a. .../ Abraham Li ncol n.j pg
12 </title>
13 </val ue>
14 </ val ues>

15 </ property>
16 <property uri="http://simle.../presidents/property#birth">
17 <val ues>

18 <val ue cl ass="date">

19 <title>1809-02-12</title>
20 </ val ue>

21 </ val ues>

22 </ property>
23 <property uri="http://simle.../presidents/property#party">
24 <l abel class="">

25 <content />

26 <title>Party:</title>

27 </| abel >

28 <val ues>

29 <val ue cl ass="">

30 <title>Republican</title>
31 </ val ue>

32 </ val ues>

33 </ property>
34 <property uri="http://simle.../presidents/property#religion">
35 <l abel class="">

36 <content />

37 <title>Religion:</title>
38 </| abel >

39 <val ues>

40 <val ue cl ass="">

41 <title>no affiliation</title>
42 </val ue>

43 </ val ues>

44 </ property>

45

46 ... nore properties ...

47

48 </resource>

49

50 ... nore resources ...

51

52 </resul ts>

Example 7.3. Fresnel Tree as XML Output

7.2.3. Second Transformation — Fresnel Tree to SemVis
Model

The second application of the MDA pattern is performed by the Mapping Component
of SemVis (c.f. Figure 7.2). The transformation is passed the Fresnel tree together with
the mapping-definition.n3 file that defineswhich Visua Variables are used to represent
which facets of the data.
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The SemVis transformation adds display-paradigm-specific information to the model
from the last transformation step. The mapping definition files are evaluated and a new
model that contains valuesfor each Visual Variableisbuild. Although the values of the
Visual Variables are now included in the model, the model is yet not limited to a spe-
cific Visualization Platform. If no valueis provided by the mapping, the transformation
process puts default valuesfor all Visua Variables. In thisway, the next transformation
step (PIM to PSM) does not have to check for null values, but can expect values for all
the variables. That way, the template code can be kept simple and the mapping logic
can easily be handled on the SemVislevel.

The option of transforming the XML Fresnel output tree with XSLT into the SemVis
model has been rejected, since the complexity of the XSLT code soon became to high
and only little means of structuring were possible. For instance, there was no object
orientation supported. String conversions and time functions, as they were frequently
needed, could have been provided with the help of extensions. But the parsing and
evaluating of the mapping definitions, as well as the building of complex visualization
structures, would have been very inconvenient and only possible with still more exten-
sionsto XSLT.

Thislet to thedecisionto work with the Fresnel Javaobjectsinstead of XSLT. Figure7.3
showsthe SemVis Javaobject model asadiagram of nested boxes. Thewrapped Fresnel
Javaobjects are shown on the right side of each visualization class. The model consists
of Vi sual i zati onEl enent sand of Vi sual i zat i onBoxes, which implement
container functions. For example, they are able to calculate their size recursively based
on the size of their children’.

All Resour ceVi sual i zat i onsare Vi sual i zat i onEl enment s that stand for
aprimary class's instance and are controlled by the Vi sual i zati onSt r uct ur e.
The structure can modify the Visual Variable values of al its Resour ceVi sual -
i zat i onsand by this, it represents a coordinating instance. For adetailed description
of the SemVis PIM classes, please refer to the JavaDoc.

ResourceVisualization

Result
———

i

StaticContent

Label ‘

Description ‘

PropertyVisualizationBox

Property\isualization
PropertyResult

ValueVisualizationBox

ValueVisualization

ValueResult

Figure 7.3. Illustration of the SemVis Model as Java Objects

*This behavior, which is something, that also was not possiblewith XSLT, is only rudimentary implemented,
because here the integration of an existing advanced layout box model should be aimed at, similar to the
[SWT] toolkit.
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If it is necessary, SemVis can also output an XML version of the Java Object model
that it generates, with the help of atemplate (c.f. Example 7.5 for an example of the
XML code). It conformsto the schema semvis.dtd which can befound in Section A.1.2.
Due to space limitations, the listing shows only an excerpt of the resulting code.

Example 7.4 definesan Expl i ci t Mappi ng that mapsthefacet partytothe Vi sual
Var i abl e Col or and explicitly maps four discrete values. After the transformation,
using the mapping, the Col or value can be found on line 5 as an attribute of a Re-
sourceVi sual i zati on.

1 defaul t: partyMappi ng

2 a map: PropertyMappi ng ;

3 map: automatic "fal se"~"xsd: bool ean ;

4 map: hasVal ueMappi ngs def aul t: Party2Col or Val ueMappi ngs ;
5 map: sour ceFacet d:party ;

6 map: t arget Vari abl e graphi cs: Col or

7 map: t arget Val ueNul | graphi cs: grey ;

8

9

10 defaul t: Party2Col or Val ueMappi ngs

11 a map: Val ueMappi ngCont ai ner

12

13 rdf: 1 [ a map:Val ueMapping ;
14 map: sour ceVal ue "No Party"

15 map: t ar get Val ue graphi cs: white
16 ] ;

17 rdf: 2 [ a map: Val ueMapping ;
18 map: sour ceVal ue "Denocrati c- Republ i can”
19 map: t ar get Val ue graphi cs: |i ght Red
20 ]

21 rdf: 3 [ a map: Val ueMapping ;
22 map: sour ceVal ue "Denocratic"
23 map: t ar get Val ue graphi cs: green
24 1

25 rdf: 4 [ a map: Val ueMapping ;

26 map: sour ceVal ue "Republ i can"
27 map: t ar get Val ue graphics:red
28 1 ;

29

30 .

Example 7.4. Mapping of the Facet party to the Visual Variable Color
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<Vi sual i zati onSt r uct ur e>

<Resour ceVi sual i zat i on
<l-- Visual Variables-->
col or =" #FFOOFF"
size="2"
xPos="0. 56f"
yPos="1. 5f"
zPos="2. 0f "
rotation="0.5f"
transparency="0.5f" >

<St at i cCont ent >
<Label content="Abraham Li ncol n" />
<Descri pti on content="m ssing" />
</ St ati cCont ent >

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18 <Pr opertyVi sual i zat i onBox>
19

20 <Pr opertyVi sual i zati on>

21 <Label content="Party:" />

22 <Val ueVi sual i zat i onBox>

23 <Val ueVi sual i zat i on>

24 <Label content="Republican" />
25 </ Val ueVi sual i zat i on>

26 </ Val ueVi sual i zat i onBox>

27 </ propertyVi sual i zati on>

28

29 ... nore PropertyVisualizations ...
30

31 </ PropertyVi sual i zat i onBox>

32

33 </ ResourceVisualization>

34

35 ... nore ResourceVisualizations ...
36

37 </VisualizationStructure>

Example 7.5. SemVis Model as XML Output

7.2.4. Third Transformation — SemVis Model to Code
for Final Visualization Platform

One way to perform this last transformation step and generate the final presentation
platforms code (PSM) was to have a render method in each class of the SemVis PIM.
But this results in a subclass for each class of the PIM per presentation variant. Addi-
tionally we might even want to define multiple variants per presentation platform).

The currently chosen approach takes the model of Java objects from the last transfor-
mation step and hands it to a set of nested templates. This decouples the generation of
the PIM from further transformations.

The transformation to the code for the presentation platforms is done with the help
of the Java Emitter Templates [JET]. The JET template technology is a code writing
mechanism and part of the Eclipse Model To Text [M2T] project. Alternatively, also
any other template language could be employed.

The XML output of the SemVis model, aready presented in the last section can be
equally generated with JET. In this case it does hot produce the final code, but another
PIM. This XML output can then be taken as input to arbitrary XML transformation
languages and by this an interface to, for instance, XSLT is provided.
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<Transformrotation="0 1 0 -0.6094943094478699" >

<Transformtransl ati on="0.0 -63. 503563 -35.0"
scal e="1.3061224 1.3061224 1.3061224" >

<Bi | | board axi sOfRotation="0 1 0">

<I-- Board behind resource -->
<Shape><Box size="12.0 24.72 0.05"/>
<Appear ance>

<Material diffuseColor="1.0 0.0 0.0" />
</ Appear ance>
</ Shape>

<LOD range="140">
<Transform scale="1 1 1" translation="0 0 0.2">

<l-- static content -->
<Transformtranslation="0.0 11.36 0">

<l-- |abel -->
<Transformtranslation="0.0 0.0 0">
<Pr ot ol nst ance nane="text">

<fi el dval ue nane="text" val ue="Abraham Li ncol n"/>

<fi el dval ue name="col or" value="1 1 1"/>
<fi el dval ue nane="si ze" value="1.0" />
<fi el dval ue name="| odRange" val ue="130"/>

</ Pr ot ol nst ance>

</ Tr ansf or n»

<!-- description -->

</ Transfornme</ Transforne<!-- end static content -->

<Transformtranslation="0 -1.0 0.2">

Example 7.6. Generated X3D Code
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1 ...<!-- property vis box (containing all properties) -->

2 <Shape>

3 <Box size="12.0 22.72 0.05"/>

4 <Appear ance>

5 <mwaterial diffuseColor="0.1 0.1 0.3" />

6 </ Appear ance>

7 </ Shape>

8

9 <l-- single property (inmgeURL) -->

10 <Transformscale="1 1 1" translation="0.0 3.5 0.2">
11 <Shape>

12 <Box size="12.0 15.719999 0.05"/>

13 <Appear ance>

14 <Material diffuseColor="0.1 0.1 0.3" />

15 </ Appear ance>

16 </ Shape>

17

18 <Transform scale="1 1 1" translation="0 0 0.2">

19

20 <l-- value vis box transformation -->

21 <Transformtranslation="0.0 0.0 0">

22

23 <Transform scale="1 1 1" translation="0 0 0.2">
24

25 <Transform scal e="12. 0 15. 719999 1"

26 translation="0.0 0.0 0.0">

27 <Pr ot ol nst ance nanme="i mage" >

28 <fi el dval ue name="i mageUr|"

29 val ue="http://upl oad. ../ Abraham Li ncol n.jpg" />
30 </ Pr ot ol nst ance>

31 </ Tr ansf or n»

32

33 </ Tr ansf or n»</ Tr ansf or n>

34 <!-- single property (birth) -->

35 ...

36 <!-- Single value -->

37 <Transformtranslation="0.0 0.0 0.0">

38 <Pr ot ol nst ance nane="t ext Board" >

39 <fi el dval ue nanme="text" val ue="12.2.1809" />
40 <fi el dval ue name="col or" value="0.1 0.1 0.3" />
41 <fi el dval ue nane="si ze" value="12.0 1.0 1.0" />
42 </ Pr ot ol nst ance>

43 </ Tr ansf or n»

44 | ..

45 <l-- |abel -->

46 <Transformtranslation="0.0 0.5 0">

47 <Pr ot ol nst ance nane="t ext Board" >

48 <fiel dval ue name="text" value="Party: " />

49 <fi el dval ue name="col or" value="0.6 0.2 0.2" />
50 <fi el dval ue nanme="si ze" value="12.0 1.0 0.05" />
51 </ Pr ot ol nst ance>

52 </ Tr ansf or n»

53 ...

54 <l-- Multiline text value -->

55 <Pr ot ol nst ance nane="text">

56 <fiel dval ue name="text" val ue="Republican"/>
57 <fi el dval ue nanme="col or" value="0.0 0.0 0.0"/>
58 <fi el dval ue nane="si ze" val ue="0.5" />

59 </ Pr ot ol nst ance>

60 .

Example 7.7. Generated X3D Code (continued)

Figure 7.4 shows a schematic picture of the X3D objects described by the code from
the listing as it was rendered by a particular X3D Jet template. The static content is
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drawn as a rectangle containing a title and a description. The dynamic content is at-
tached vertically below and consists of arectanglefor each property. If the label isto be
shown, it isdisplayed on top of therectangle, followed by the values. Depending on the
fresnel : val ue and the style attributes, different representations are chosen for the
values. Image values are rendered as images and date values are rendered astext in a
readable date format. Values of ObjectPropertiesare displayed recursively asresources
themselves, and are arranged next to each other within the rectangle representing the
property. Example 7.6 shows how the values for the Visual Variables have been inte-
grated into the X3D code. A Tr ansf or mnode (c.f. Example 7.6, line 2) represents
the resource (a president) and is attached the values for the spatial dimensions and the
size (lines 2-4) . The Visual Variable Color is assigned asadi f f useCol or value
of an Appear ance node (line 11) that determines the appearance of the box framing

the whole resource (line 9).
Title
Description Example Text StatficConiant

property styled as dafe { 12 Februar 1809

propery with fresnelvalue =
fresnelimage

dynamic content

Label

propeffy with default styling < Valuel, Yalue?, Valued

s Label

Jmes Buchanan Andrew Johnzon

=

propery with resources as

values < 3

Figure 7.4. X3D Instantiation of the Abstract SemVis Box Model

7.3. Complete System Overview

Figure 7.5 shows, in addition to the Model-Driven Architecture aspects, the flow of
data from and to all definition files and knowledge bases, as well as the two different
GUI configuration components and Visualization Platforms. The sources of additional
knowledge that are needed for the configuration components are described in detail in
the next section (Section 7.4).

The core SemVis component can be configured via the Admin Configuration GUI,
which can be used by the Admin to make SemVisload, generate and store display def-
initions. The Admin Configuration GUI supports the Admin with knowledge that the
system gains from facet metrics, general graphical knowledge from the Graphics.owl

71



A Model-Driven Architecture for Flexible Visualization

ontology and facts about the visualization platforms. Therange of possibilitiesto which
the User is limited (regarding further filtering and mapping) is defined in the user-
limitation.n3 file. An export function allows for the separate storage of the generated
fresnel-definition.n3 file to reuse it for other browsers, which also support Fresnel as
their display vocabulary (c.f Section 4.6).

The User Configuration GUI is generated by SemVis and allows the User to proceed
with customizing the visualization to his needs and pick several views on the data,
within the limits defined by the Admin. The User Configuration GUI can either be
embedded in the final Visuaization Platform, if the platform supports interaction and
dynamic reload of data, or build aframe around the static, more document like content
and regenerate the content according to the Users settings, if necessary. The User Con-
figuration GUI is able to load and save the Users settings and state of the browsing
situation to afile.

Represeniation

Semantic Weh

Data (RDF} Datamining n::tc[?tm

and Analysis
Component and
Metadata

OWL + RDF(8)

Graphics.owl
X3D- generell graphical knowledge

Templates
. SPARCL Visualization-Platform-Facts.nd
emplates possibilities of the

visualization platform

Configuration

Fresnel i declarative presentation knowledge
f Admin P b
i Mapping .
Fresnel output tree as XML Engine
p (SIMILE) Component Cunﬁglﬁ:atmn
load | save mapping-definition.n3
SemVis [Filtering /
Java class Mapping) fresnel-definition.n3
SemVis PIM as XL JET for each
isualizati
Wssut?u‘;irlgn user-limitations.n3
mapping and filtering constraints
XSLT-
Prozessor
Faceted Browsers
supporting Fresnel
User (Isaviz/ Longwell [
wsL SVG X3D Configuration GeoMames Browser)
Stylesheet XHTML+JS Java3D oz
Filtering / o q
Plugin X3D-Bowser (Ma in) scenesettings.nd
PRINg user mapping and filter settings
Webhrowser CAVE JavaWebstart

Figure 7.5. SemVis Complete Architecture

7.4. Additional Knowledge of the System

Besides the fresnel-definition.n3 file, the mapping-definition.n3 file and the templ ates,
that are used as input to the transformations of the models, additional knowledge is
required that serves as a knowledge base for SemVis to assist the Admin and the User
in configuring these definition files. This comprises information on the capabilities of
the Visuaization Platforms, available Visualization Structures and their possibilities,
general graphica knowledge and, metainformation on the data that isto be visualized.
Figure 7.6 gives an overview of the used definition files and their dependencies.
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Graphics.owl.n3
Includes knowledge
and facts about graphics,
structures, visualization
platforms

facets.n3
The facet vocabulary
also used by Longwell

fresnel.owl.n3

The fresnel vocabulary

Mapping.owl.n3
The wocabulary for
the mapping language.

uses

uses

visualization-platforms-facts.owl
=53 The description of the concrete
visualization platforms

The admins limitation of the The genersll display settings
users filtering and mapping for the rdf data

user-limitations-facts.n3 fresnel-definition.n3
possibilities

mapping-definition.n3
The mapping settings
for the particular application

Figure 7.6. Overview of all Ontologies and Definition Files

7.4.1. Meta Data

Since we want to visualize semantic web data, there is no need for a special mecha-
nism for meta information to describe the data. The data is already structured and self
descriptive. If thisis insufficient for the visualization purposes, the ontology can be
extended and connected to upper level ontologiesto gain more semantics. If wewant to
use other data, e.g. from databases, text-files or other semi structured sources, the data
has to be converted to RDF for the moment. In the case of databases, at least informa-
tion on simple datatypesis aready available.

Meta data that has been retrieved from metrics and analysing the data is also made
available to the system (c.f. Section 2.3.2).

7.4.2. Available Visualization Platforms and Presenta-
tion Scenarios

Each availabl e platform must be described regarding to itspossibilities. For examplethe
graphical power needs to be described: How many spatial dimensions are there (2D or
also 3D)?Isit possibleto use color or not? Is animation and interaction possible? How
highistheresolution? Whereisthe position of theuser, i.e. isthe situation immersive or
not? Is sound also available? Equally the Presentation Scenarios have to be described.
Scenarios could be the set up for a CAVE or asingle screen of a home PC.

The definition of the available visualization platforms and scenarios with their abilities
is noted in the file visualization-platforms-facts.n3. Also c.f. Example 7.8 and Exam-
ple7.9.
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x
3
S

a graphi cs: Vi sual i zati onPl atform ;

gr aphi cs: of f er sVi sual Vari abl e
graphi cs: Saturation , graphics: Hei ght ,
graphi cs: Y-Pos , graphi cs: Roundness ,
graphi cs: Area , graphics:LineWdth ,
graphi cs: Texture , graphics: Transparency |,
graphi cs: Col or , graphics: GeyVal ue ,
graphi cs: Order , graphics:Visibility ,
graphi cs: Contrast , graphics:Length ,
graphi cs: Bri ght ness, graphics: Si ze ,

gr aphi

:of fersAni mation "fal se"*"xsd: bool ean ;
:offersinteraction "fal se"”"xsd: bool ean ;
:of fersSpati al Di mensi ons "2"~*xsd: i nt eger

: X3D

cs: X- Pos;

a graphi cs: Vi sual i zati onPl at form ;
gr aphi cs: of f er sVi sual Vari abl e

gr aphi
gr aphi
gr aphi
gr aphi
gr aphi
gr aphi
gr aphi
gr aphi
gr aphi
gr aphi
gr aphi
gr aphi
gr aphi
gr aphi
gr aphi
gr aphi
gr aphi

:offersinteraction "true"”~"xsd: bool ean ;
:of fersSpati al Di mensi ons " 3""”~xsd: i nt eger

Example 7.8. Definition of XHTML and X3D as VisualizationPlatforms

Cs:
Cs:
Cs:
Cs:
Cs:
Cs:
Cs:
Cs:
Cs:
Cs:
Cs:
Cs:
Cs:
Cs:
Cs:
Cs:
Cs:

Saturati

Ori ent at
Vibratio
O der

Cont r ast
Bri ght ne
Vol une ,

Hei ght
Y- Pos

Rot at i on
GreyVal u

Length ,

on ,

ion
n.,
grap

gr aphi cs: Z- Pos ,

graphi cs: Li neWdth ,
, graphics: Texture ,

gr aphi cs: Col or

PositionlnStructure |,

hi cs: Bl ur

, graphics: Shape |,

SS ,

gr aphi cs: X- Pos ,

gr aphi cs: d owi ngPul sation ,
Bl i nki ngFr equency ,
gr aphi cs: Roundness

graphi cs: Area ,

e,

Rot at i onSpeed ,
, graphics: Transparency |,

gr aphi cs: Depth ,

Di st anceFronVi ewer ,
TineOVisibility ,

gr aphi cs: Si ze;
:of fersAni mati on "true"”~"xsd: bool ean ;

graphics: Visibility ,
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1 : CAVE
2 a gr aphi cs: Present ati onScenari o ;
3 graphi cs:i sl nrersive "true";
4 graphi cs: of f er sResol uti on "2400";
5 graphi cs: of fersCol ors "16000000";
6 graphi cs: of f er sSpati al Di mensi ons="3";
7 .
8
9 :SingleScreen
10 a gr aphi cs: Present ati onScenari o ;
11 graphi cs:i sl nersive "fal se";
12 gr aphi cs: of fer sResol uti on "1600";
13 graphi cs: of fersCol ors "16000000";
14 gr aphi cs: of fer sSpat i al Di nensi ons="2";
15 .
16
17 : Mobi | ePhone
18 a gr aphi cs: Present ati onScenari o ;
19 graphi cs:i sl mersive "fal se";
20 gr aphi cs: of f er sResol ution "256";
21 graphi cs: of fersCol ors "2";
22 gr aphi cs: of fer sSpat i al Di nensi ons="2";
23 .

Example 7.9. Definition of Presentation Scenarios

7.4.3. Available Visualization Structures

The system hasto know which structures are there and which possibilities the structures
offer. It can be stated, for instance, which spatial dimensions a structure offersand if it
supports infinity in one or many directions. It can aso be stated, if it is suitable for a
CAVE, aSingle Screen or a Power Wall* installation.

1 :Helix
2 a Vi sual i zationStructure ;
3 gr aphi cs: of f er sVi sual Vari abl e
4 gr aphi cs: Hei ght ,
5 graphics: Wdth ,
6 gr aphi cs: Dept h ,
7 gr aphi cs: Col or ;
8 graphi cs:infinitySupported "true"”"xsd: bool ean;
9 gr aphi cs: sui t abl eFor : CAVE ;
10 .

Example 7.10. Definition of a Visualization Structure

Thevocabulary for the structures themsel ves can be found in the Graphics.owl ontology
an the vocabulary for the mapping of facets to structures in the Mapping.owl ontology.

7.4.4. General Graphical Knowledge

General graphical facts do not have to be defined by the Programmer for each visual-
ization. These facts can be used by SemVis to suggest suitable presetting for the con-
figuration. Two examples are the ability of a Vi sual Vari abl e to represent quan-
titative data or the dependency between two Vi sual Vari abl es. The knowledgeis
contained in the Graphics.owl ontology that has been introduced in detail in Chapter 5.

“A projection on a (optionally bended) wall that offers some immersion and uses a 3D stereo projection
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7.4.5. Limitations of the User

The User may only filter some facets and may only define mappings for a certain set
of properties. This is necessary to confront the end user with a reasonable amount of
choices. The restrictions are created by the Admin as described in Chapter 3.

In Longwell, the description of the filterable facets is stated with the pr operty
facet : Facet Set from the facet vocabulary®. | reuse this vocabulary for defining
the filterable facets and store the facts in the file user-limitations-facts.n3. An example
of this definition file can be found in Example 7.11. A f acet : Facet Set needsto
define alist of r df : Pr opert ysto specify the facets which are displayed and their
order (c.f. lines4-5). With the property f acet : t ypes, alist of classes, to which this
facet: Facet Set applies, can be declared. Thevaluef acet s: al | Types, used
here, makesthisf acet : Facet Set apply to any type.

:senVi sExanpl eFacets rdf:type facets: Facet Set ;
facets:types facets:all Types ;
facets:facets (
hi st: hasStartTi me
m d: rel at edToFi el dOf
)

~NOoO O~ WN P

Example 7.11. User Limitations of the Filtering

Sincethe property f acet : f acet s pointsto alist, the order of the entry can be used
asthe order of the facetsin the GUI.

The limitations the Admin makes to the set of mappable properties are also stored in
the file user-limitations-facts.n3, and are defined in analogy to the limitation of fil-
terable facets. For this purpose, the mapping vocabulary contains the necessary terms
map: Mapabl eProperti esSet and map: mapabl ePr operti es. An example
of amap: Mapabl ePr operti esSet instance is given in Example 7.12. The on-
ly property map: mapabl eProperti es pointsto alist of r df : Propertys. The
mapping settings are specified application-wide.

: senVi sExanpl eMvapabl eProperties rdf:type nap: Mapabl eProperti esSet ;
map: mapabl eProperties (

hi st: hasStartTi ne

m d: rel at edToFi el dOf

m d: i nportance

)

~NOoO O~ WN P

Example 7.12. User Limitations of the Mapping

7.4.6. Initial Settings

The Admin provides initial settings for the User regarding the Filtering, the Sructur-
ing, the selection of Primaries and the display settings, i.e. the mapping. These are de-
fined as SPARQL queriesfor the filtering settings and with the Fresnel vocabulary for
Primaries, Sructuring and Formatting. For the initial mapping settings, the SemVis
mapping vocabulary is used.

*Namespace: htt p: // si mi | e. nmit. edu/ 2006/ 01/ ont ol ogi es/ fresnel - f acet s
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7.5. Comparison to the Graphical Modelling
Framework — GMF

The architecture of SemVis has some similarities to the architecture of the Graphical
Modeling Framework for Eclipse [GMF]. Especialy for those, who are familiar with
the GMF, this section offers a comparison of the working principles of SemVis and
the GMF. For those who do not know the framework, the next paragraph gives a short
introduction.

7.5.1. Short Overview of the Graphical Modelling
Framework

The GMF enables programmers to quickly build a graphical editor based on a model
of the domain and an additional description of tools and graphics of the editor.

At the beginning stands the Domain Model, which is represented in Ecore, the meta
model that is used by the Eclipse Modelling Framework (EMF). Additionally, there
might be existing descriptions of graphical elements and tools. If not, the GMF can
help with creating these definition files by deriving default settingsfor tools and graph-
ics based on the Domain Model (c.f. Figure 7.7). GMF distinguishes between figures,
which can be any graphical element, such asLine or Rectangle, and Nodes, which carry
semantics such as Relation or InfoBox.

After further refining the derived Graphical Definition and Tool Definition, the domain
elements can be mapped to the tools and graphics in the Mapping Model .

If thisisdone, the GMF can use the Mapping Model to automatically create a Generator
Model (the PIM, describing the diagram editor) and proceed with generating the editor
code (the PSM).

Grap hical D efinition
Model

Domain Mo del . .
L ) Combine Mapping Model
in Ecore

Tooling Definition
Model

Generator Model

v

Diagram Plug-In

Figure 7.7. Architecture of the Graphical Modelling Framework
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Graphics.owl
Visualization-Platforms-Facts.n3

D erive mapping

Mapping-suggestions Refine mapping map ping-def.n3

RDF data and
Ontologies
SemVis Model
Code

Figure 7.8. Architecture of SemVis

7.5.2. Comparison to SemVis

Figure 7.8 shows the SemVis architecture from an GMF point of view that alows to
compare both frameworks to each other. The filtering aspects of SemVis are left out
for asimplification.

The Domain Model of the GMF has its equiva ent in the domain ontologies of SemVis.
While the GMF expects the model to be written in Ecore, SemVis expectsit to be writ-
ten in RDF(S) and OWL. The Graphics.owl ontology and further display knowledge
files play the role of the Graphical Definition Model. Both frameworks aim at creating
an interactive GUI, but since SemVis does not generate editors but browsers and doc-
uments, it needs no Tooling Definition.

The Derivetasksof the GMF framework, which usethe Domain Model to automatically
suggest initial Tooling Definition and Graphical Definition, have a similar function as
the components of SemVis, which suggest settings for the mapping and filtering con-
figuration. However, in SemVis the system does not derive the graphical knowledge
from the domain model, but uses both to derive suggestions for the mapping. The sug-
gestions are then refined by the Admin into the final mapping-definition.n3.

The Mapping Model of the GMF has its counterpart in the mapping-definition.n3 file.
Theresulting PIM of the mapping that is called Generator Model in GMF is represent-
ed by the SemVis Model (The transformation steps are simplified in the diagram). Both
frameworks require a new build of the GUI after changes have been made to the map-
ping. In the case of SemVis it would be beneficial to allow a dynamic change of the
mapping at runtime, continuously changing the view.

Itisalso common to both frameworks, that they can generate code for multiple end pre-
sentation platforms. The GMFs Generator Model can be used to generate code in other
languages than Java and the templates of SemVis also alow to output code in arbitrary
languages. But in the question of separation of content and presentation knowledge,
SemVis and the GMF work differently. While the GMF separates the data from the
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presentation code and loads the data into the editor, SemVis combines the presentation
code and the data for the time being.
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Chapter 8. Visualization Platforms

SemVisisindependent of aspecific Visualization Platform and can be used to generate
code for several platforms by using a template mechanism. Possible output formats
include XHTML, SVG, X3D and plain text. This chapter shows examples of these
presentation platformsand discussestheir advantages and disadvantagesin transporting
information.

8.1. Extensible 3D (X3D)

X3D isthe successor of VRML, the Virtual Reality Markup Language, already intro-
duced in 1995. It became an ISO standard for the description of 3D scenes in 2004,
[X3D]. The internal representation of the model as Java Objects, alows for complex
computations of the structure and mutual influences between the model el ements, which
is particularly important for the positioning of elementsin 3D space.

Since most final output devices are two dimensional, a 3D visualization does only in
some cases offer an added value. Often a 2D representation is better readable on a 2D
display device. Yet the third dimension is a valuable additional Visual Variable that
can be assigned semantics to. A 3D visualization of RDF data can be used in a virtual
reality environment like a CAVE', where these advantages can be directly used. Here
the impression of avirtual world constructed from knowledge could be generated.

However, the advantages, gained from the third dimension are easily absorbed if the
navigation is not appropriate and does not support the user in doing her tasks actively,
since navigation in three dimensional scenes is disproportionately more complicated.
Although some real 3D input devices exist, users have to learn using them before they
can start exploring or manipulating the scene as easy as in 2D. Another drawback is
the still bad readability of text in 3D scenes. Thisis partly due to insufficient resolution
and antialiasing capabilities, but also an inherent problem of the perspective squeezing
of the text. Billboard® behaviors can help to overcome these problems in some cases.

Since X3D is adocumentation format, it describes the scene in a declarative way. Still
complex interaction and dynamic creation of scene elements can be achieved via the
Scene Access Interface (SAl). ECMAScript® or Java classes can be addressed with this
interface.

Figure 8.1 showsascreenshot of agenerated X 3D scene, corresponding to the examples
from Section 7.2. The other, Figure 8.2 displays data from the history domain. Both
scenes are viewed with the Flux Player”,

'CAVE — Cave Automatic Virtual Environment. A cubic room with projectors directed to most of its sides
to enable an immersive virtua reality.

?Billboard is the behavior of constantly orientation to the user. This way, the objects become viewpoint
independent (in regard to the rotation).

*The standardized variant of JavaScript
“Flux Player is afree player for X3D: http://www.mediamachines.com
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M8 Flux Player: us-presidents_light_images_helix.x3d

Figure 8.2. Example of X3D Output — Events of History

8.2. Scalable Vector Graphics (SVG)

Scalable Vector Graphics is a standard for the description of vector graphics in 2D,
since 2001 defined by an W3C recommendation, [SVG]. It uses an XML syntax and
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integrates [SMIL] to define animations. Interaction can be achieved with the help of
ECMA Scripts’ that can accessthe DOM of the vector graphic. The definition of styling
attributes with CSSis supported.

Figure 8.3 showsthe example data(US presidents) rendered from SV G. The color states
the party, the president belongs to and the y-position represents his affiliation to a par-
ticular religion. Thefacetsterm, party, religion, birth, birthPlace, death and deathPlace
are additionally rendered as text. Note that vTalues from the facet term are styled dif-
ferently than the others.

19anc 20

Party: Republican
Religions: no affiliation
Birth: 1809-02-12,

Hardin County, Kentucky,
USA

Death: 1865-04-15,
Washington, D.C.

- 20
~ Party: D
s Religion
- Birth: 1t
1 Raleigh,
Death: :

18

Party: Democratic
Religions: Presbyterian
Birth: 1791-04-23,

Cove Gap, Pennsylvania, USA
Death: 1868-06-01,
Lancaster, Pennsylvania

Figure 8.3. Example of SVG Output — US Presidents

8.3. XHTML + CSS

The output of XHTML and CSSfiles can be generated with an XHTML JET template.
Again ECMA Script® can beintegrated to implement interactive features and animation.

8.4. Text

The size and color of simple text can be used to carry meaning in addition to the texts
content. Thisisimplemented by TagClouds’, for example. SemVis can also be used to
easily generate such aformated text, using an X SL-FO° template for JET. An example,
again showing data from the domain of history, is presented in Figure 8.4. The font-
color and the font-size are both mapped to the importance of historical events'.

®Collections of tags written in different size depending on their number of usages
X SL-FO — X SL Formatting Objects: A markup language for formatting of documentsin XML
"The importance val ues are assigned randomly to the example data and do not reflect real facts.
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Arbeiterschutzgesetze (null) (am 1.1.1880)
Oktoberrevolution in Russland (am 7.11.1917)
Kohlruebenwinter (am 21.12.1916)

Die Goldenen 20er (am 1.1.1925)
Bombardierung von Dresden (am 13.2.1945) (am
13.3.1 945:} Organtransplantation (am 1.1.1854) Woodstock Festival (am 15.8.1969)

Japan wird Weltmacht {am 1.1.1904) Spanischer
Buergerkrieg (am 1.1.1938) USA enter WWII (USA
treten in den iten Weltkrieg ein.) (am 11.3.1941)
Kapp-Putsch (am 13.3.1920) Deutscher Flottenverein
(am 30.4.1898) 1. Marokkokrise (am 31.3.1905)
2. Marokkokrise (am 1.7.1911) Festsetzung der

Reparationen {:am 21.4.192 _:] Weimarer Republik (Weimarer Republik besteht)
wma11101e) Warschauer Pakt (am 1.1.1955)

U-Boot-Krieg
(Uneingeschraenkter U-Boot-Krieg.) (am 1.2.1917)
Schwulenbewegung (am 27.6.1009) N@palm-Angriff in Vietnam (Einsatz
von Napalm durch die USA im Vietnamkrieg) (am
1.6.1972) World
Trade Center build (am 4.4.1973) Rentenmark (am
15.11.1923) Arbeit von Sigmund Freud (am 1.1.19086)
First peace conference (am 18.5.1900) UN-Gruendung
(am 24.10.1945) NATO (Gruendung der Nato) (am
4.4.1949)
Friedensvertrages von Versaille (Unterzeichnung des
Vertrages.) (am 28.6.1919)

Figure 8.4. Example of PDF Output — Events of History
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Chapter 9. Outlook and Conclusion

This section mentions ideas, not implemented nor described in detail, defines what
SemVisis not intended to do and concludes which of theinitial goals could be fulfilled
by SemVis.

9.1. Advanced Mapping Vocabulary

The mapping vocabulary has to be expanded and refined in order to allow the handling
of multiple source facet value types at the sametime (e.g. the facet happendin, pointing
to years, decades etc.). If possible OWL DL solutions should be preferred to the OWL
FULL restrictions that are utilized. Furthermore MathML as a standard vocabulary for
the mathematical aspects of visualization should be reused.

9.2. Reusing Standardized Ontologies

As soon as mature, universal and generally accepted ontologies are established in the
field of visualization or graphics, these should replace the basic Graphics.owl ontology
that was constructed for this work in absence of a usable standard ontology. However,
the ideas of SemVis may be taken as a recommendation to build upon or may be inte-
grated in such afuture generic visualization ontology.

9.3. Enabling Dynamic, Interaction and Anima-
tion

Little efforts have been spent on the support of interaction and dynamic features of the
final presentation at the present state. However, thisisimportant for aconvenient usage
of SemVis as a browser or editor.

Table 9.1 summarizesthe constraints of the presentation platformsin regard to dynamic
criteria. All of the three platforms mentioned below do generally support animation,
interaction and even dynamic content |oading.

X3D Java3D SVG
Animation while Yes, viaevent Y es, with Behaviors| Yes, with SMIL
viewing the routes and/or
presentation ECMAScript
or Java classes
using the SAI
Interaction while Yes, viaevent Y es, with Behaviors| Yes, viathe DOM
viewing the routes and/or using ECMAScript
presentation ECMAScript
or Java classes
using the SAI
Loading of addi- Yes, viaEC- Yes, directly via | Yes, viathe DOM
tional data, creating| MAScript or Ja the Java3D API. | using ECMAScript
nodes in the scene va classes us- Some capabili-
ing the SAI ties have to be set

Table 9.1. Comparison of Dynamic Possibilities between X3D, Java3D and SVG

Especialy thefiltering of contents by restriction of facet values should be also possible
viathe user interface and lead to adynamic change of the presented datawhile changing
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the filter settings or mapping. The view of the user should be continuously changed
within an animation, to preserve the users orientation.

Toachievethis, the staged transformation pipeline hasto be modified in away that small
parts can be separately exchanged and the transformation is incrementally performed.
Also the use of a cashing mechanism would be advantageous to avoid expensively
calculating and querying unmodified parts of the visualization again and again.

An important way of interaction is the editing of the presented data. A prerequisite for
the editor functionality is the existence of an inverse transformation to transform the
changesin the visualization back to the domain model.

9.4. Implementation and Evaluation

The prototypical implementation needs to be updated and the GUI as an essential part
of the framework needs to be enforced. Although the mapping and the Fresnel defini-
tion can be done with atext editor, or more conveniently (but only partially) with the
universal RDF(S)/OWL editor Protégé, atailored GUI isrequired to offer the full ben-
efit of SemVis. Thisisthe most urgent step to take in order to evaluate the usefulness
for domain experts.

9.5. Conclusion

After having shown the general need for a generic solution for visualization of struc-
tured data, we presented SemVis as a flexible framework for the definition of presen-
tation knowledge for visualization on several visualization platforms. Asthisis work
in progress, the vocabul aries have to be refined and solutionsto support also interactive
features have to be found. Still the main goals could be fulfilled:

The visualization is highly flexible and configurable due to an exchangeable display
definition and a variable visualization platform.

Two vocabul aries have been developed for this purpose. First, the Mapping.owl ontol-
ogy for a declarative, presentation-platform-independent definition of mappings from
facets of the datato Visual Variables and second, the Graphics.owl ontology, providing
genera terms of visualization and graphics. The use of ontologies for this purpose in-
creases reusability, as does the integration of current standards from the semantic web,
such as the Fresnel RDF display vocabulary and the query language SPARQL.

The visualization can be applied to arbitrary structured data in the RDF format, at the
cost of writing new mapping and configuration files, but making changes to the source
code unnecessary. This way domain independence is achieved.

Although the visualization process is semi-automatic, it is to a high degree supported
by the system and allows for fit-tailored visualizations. The GUI, supporting the user,
can make use of common visualization knowledge (such as facts from cognition) and
characteristics of the data (such as metrics and structure) to reduce the set of possible
mapping choices for the user.

This way the drawbacks of the former framework have been resolved and additionally
platform independence has been gained.

Although only implemented in pieces at the time being, the basis for a framework has
been established that can be used to give format free, structured data, coming from
the semantic web or other yet unknown sources, a shape that is human understandable
while still preserving the advantages of complex filtering that is possible with machine
understandabl e data.
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Glossary

Facet
Facet Structure
Filter

Fresnel
Mapping

Primary

Template
Vaue Range
Visualization Platform

Visualization Structure

Visual Variable

Files

fresnel-definition.n3
Graphics.owl

Mapping.owl
mapping-definition.n3

user-limitations-facts.n3

visualization-platforms-
facts.n3

A property of aclassinitsrole of dicing the available
instances of this class

The topology formed by a relation between the facet
values. There can be severa relations.

A restriction on property values, that reduces the ini-
tial set of instances

An RDF display vocabulary [FRESNEL]

If not further described, amapping meansthe mapping
from afacet to Visual Variable

Anontology class, that isintended to be used asastart-
ing point and has increased importance for the pre-
sentation (c.f. the section called * Starting Points (Pri-
maries)”)

Fraction of code, which is combined with dynamic
values by atemplate engine

The span from the minimum to the maximum value of
afacet or aVisual Variable

The final presentation language for which SemVis
outputs the platform specific code

A visualization structure describes the characteristics
of the structure that isthe result of atechnique of visu-
alization, including the shape, and suitability for dif-
ferent presentation scenarios, but not the technique it-
self.

A dimension or property of a graphical element ac-
cording to [Ber81]. Also referred to as elements of a
graphical vocabulary, according to [Zeh04]

An examplefile for the display settings of Fresnel.

General graphical knowledge and facts includ-
ing Vi sual Vari abl es and their Vi sual Val -
ues. URL: "http://www.polowinski.de/ontologies/
Graphics.owl"

The SemVis mapping vocabulary

The facts about a specific mapping. Uses the vocabu-
lary from Mapping.owl

Thelimitationsthe Admin makesto the user regarding
properties for filtering and mappable properties

A description of the graphical power of a platform.
URL: "http://www.polowinski.de/ontologies/Visual -
ization-Platforms.owl”
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Appendix A.

This chapter lists the schemata, classes and example filesin detail .

A.1. Schemata

This section shows the schemata, used within SemVis.

A.1.1. Fresnel Tree Output Schema
The following schemais used by the Fresnel Engine.

<?xm version="1.0"?>
<xsd: schema xm ns: xsd="htt p://ww. w3. or g/ 2001/ XM_Schema" >
<xsd: annot at i on>
<xsd: docunent ati on xm : 1 ang="en">
Schenma for Fresnel output results.
</ xsd: docunent ati on>
</ xsd: annot at i on>

<xsd: el ement name="resul ts" type="Fresnel Resul ts"/>

<xsd: conpl exType nane="Fresnel Resul ts">
<xsd: sequence>
<xsd: el ement nanme="resource" type="Fresnel Resource"
m nCccur s="0"
maxCccur s="unbounded"/ >
</ xsd: sequence>
</ xsd: conpl exType>

<xsd: conpl exType nane="Fr esnel Resource">
<xsd: sequence>
<xsd: el ement nanme="content" type="Fresnel Contents" mi nCccurs="0"

maxCccur s="1"/>
<xsd: el ement nanme="title" type="xsd:string" m nCccurs="1"
maxCccur s="1"/>
<xsd: el ement nanme="property" type="Fresnel Property"
m nCccur s="1"
maxCccur s="unbounded"/ >
</ xsd: sequence>
<xsd:attribute name="cl ass" type="xsd:string"/>
<xsd:attribute name="uri" type="xsd:string"/>
</ xsd: conpl exType>

<xsd: conpl exType nane="Fresnel Property">
<xsd: sequence>
<xsd: el ement nanme="content" type="Fresnel Contents" mi nCccurs="0"

maxCccur s="1"/>
<xsd: el ement nanme="I| abel " type="Fresnel Label " ni nCccurs="1"
maxCccur s="1"/>
<xsd: el ement nanme="val ues" type="Fresnel Val ues" mi nCccurs="1"
maxCccur s="1"/>
</ xsd: sequence>
<xsd:attribute name="cl ass" type="xsd:string"/>
<xsd:attribute name="uri" type="xsd:string"/>
</ xsd: conpl exType>

<xsd: conpl exType nane="Fr esnel Val ues" >
<xsd: sequence>
<xsd: el ement nanme="contents" type="Fresnel Contents" mi nCccurs="0"
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maxCccur s="1"/>
<xsd: el enent nane="val ue" type="Fresnel Val ue" nm nCccurs="1"
maxCccur s="unbounded"/ >
</ xsd: sequence>
</ xsd: conpl exType>

<xsd: conpl exType nane="Fr esnel Val ue" >

<xsd: choi ce>
<xsd: el ement nanme="title" type="xsd:string" maxCccurs="1"/>
<xsd: el ement nanme="resource" type="Fresnel Resource"

maxCccur s="1"/>

</ xsd: choi ce>

<xsd: attribute nanme="cl ass" type="xsd:string"/>

<xsd: attribute name="output-type" type="xsd:string"/>

</ xsd: conpl exType>

<xsd: conpl exType nane="Fresnel Label ">
<xsd: sequence>
<xsd: el ement nanme="contents" type="Fresnel Contents" m nCccurs="0"

maxCccur s="1"/>
<xsd: el enent nane="title" type="xsd:string" mnQccurs="1"
maxQccur s="1"/>
</ xsd: sequence>
<xsd: attribute nanme="cl ass" type="xsd:string"/>
</ xsd: conpl exType>

<xsd: conpl exType nane="Fresnel Cont ents" >
<xsd: sequence>
<xsd: el ement nane="before" type="xsd:string" m nCccurs="0"
maxQccurs="1"/>
<xsd: el enent nane="after" type="xsd:string" mnQccurs="0"
maxQccurs="1"/>
<xsd: el enent nane="first" type="xsd:string" mnQccurs="0"
maxQccurs="1"/>
<xsd: el ement nane="last" type="xsd:string" mi nCccurs="0"
maxQccurs="1"/>
</ xsd: sequence>
</ xsd: conpl exType>

</ xsd: schema>

A.1.2. SemVis Output Schema
SemVis can generate the XML output according to the following schema:

<?xm version="1.0"?>
<xsd: schema xm ns: xsd="htt p://ww. w3. or g/ 2001/ XM_Schema" >
<xsd: annot at i on>
<xsd: docunent ati on xm : 1 ang="en">
Schena for SenVis output results.
</ xsd: docunent ati on>
</ xsd: annot ati on>

<xsd: conpl exType nane="Vi sual i zati onEl emrent " >

<xsd:attribute name="visible" type="xsd: bool ean" />
<xsd:attribute name="content" type="xsd:string" />
<xsd:attribute name="fontSize" type="xsd:float" />
<xsd:attribute name="col or" type="xsd:string" />
<xsd:attribute name="size" type="xsd:float" />

<xsd:attribute name="w dth" type="xsd:float" />
<xsd:attribute name="hei ght" type="xsd:float" />
<xsd:attribute name="depth" type="xsd:float" />
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<xsd: attribute name="xPos" type="xsd:float" />
<xsd: attribute name="yPos" type="xsd:float" />
<xsd: attribute nanme="zPos" type="xsd:float" />

</ xsd: conpl exType>
<xsd: conpl exType nane="Vi sual i zat i onBox" ></ xsd: conpl exType>

<xsd: el ement name="vi sual i zati onStructure"
type="Visual i zati onStructure" />

<xsd: conpl exType nanme="Vi sual i zati onStructure">
<xsd: sequence>
<xsd: el ement nanme="resourceVi sual i zati on"
type="Resour ceVi sual i zati on" m nQOccurs="0" nmaxCccur s="unbounded" />
<xsd: sequence m nCccurs="0" maxCccur s="unbounded"
type="scal el teni >
<xsd: el ement nanme="scal el tenf type="Scal eltent m nOccurs="1"
maxCccur s="unbounded" />
</ xsd: sequence>
</ xsd: sequence>

</ xsd: conpl exType>

<xsd: conpl exType nane="Resour ceVi sual i zati on">
<xsd: conpl exCont ent >
<xsd: ext ensi on base="Vi sual i zat i onEl ement " >
<xsd: sequence>
<xsd: el ement nanme="stati cContent Vi sual i zati on"
type="StaticContentVisualization" m nOccurs="1" maxOccurs="1" />
<xsd: el ement name="propertyVisualizati onBox"
type="PropertyVi sualizationBox" m nCccurs="0" maxCccurs="1" />
</ xsd: sequence>

<xsd: attribute nanme="cycl eDegree" type="xsd:float" />
</ xsd: ext ensi on>

</ xsd: conpl exCont ent >

</ xsd: conpl exType>

<xsd: conpl exType nanme="Stati cContent Vi sual i zati on">
<xsd: conpl exCont ent >
<xsd: ext ensi on base="Vi sual i zat i onEl ement " >
<xsd: sequence>
<xsd: el ement name="| abel " type="Label Vi sual i zati on"
m nCccur s="1" maxCccurs="1" />
<xsd: el ement name="descri ption"
type="Mul tilineTextVisualization" m nOccurs="0" maxOccurs="1" />
</ xsd: sequence>
</ xsd: ext ensi on>
</ xsd: conpl exCont ent >
</ xsd: conpl exType>

<xsd: conpl exType nanme="PropertyVi sual i zati onBox" >
<xsd: conpl exCont ent >
<xsd: ext ensi on base="Vi sual i zati onBox" >
<xsd: sequence>
<xsd: el ement nanme="propertyVisualization"
type="PropertyVi sualization" m nQOccurs="1" nmaxCccur s="unbounded"
/>
</ xsd: sequence>
</ xsd: ext ensi on>
</ xsd: conpl exCont ent >
</ xsd: conpl exType>

<xsd: conpl exType nanme="PropertyVi sualization">
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<xsd: conpl exCont ent >
<xsd: ext ensi on base="Vi sual i zati onEl ement " >
<xsd: sequence>
<xsd: el ement nane="I abel Vi sual i zati on"
type="Label Vi sual i zati on" m nCccurs="1" maxCccurs="1"/>
<xsd: el enent nane="val ueVi sual i zat i onBox"
type="Val ueVi sual i zati onBox" m nCccurs="1" maxCccurs="1"/>
</ xsd: sequence>
</ xsd: ext ensi on>
</ xsd: conpl exCont ent >
</ xsd: conpl exType>

<xsd: conpl exType nanme="Val ueVi sual i zat i onBox" >
<xsd: conpl exCont ent >
<xsd: ext ensi on base="Vi sual i zati onBox" >
<xsd: sequence>
<xsd: choi ce>
<xsd: el ement nane="val ueVi sual i zati on"
type="Val ueVi sual i zati on" m nCccurs="1" maxCccur s="unbounded" />
<xsd: el ement nanme="resourceVi sual i zati on"
type="Resour ceVi sual i zati on" m nQOccurs="1" nmaxCccur s="unbounded"
/>
</ xsd: choi ce>
</ xsd: sequence>
</ xsd: ext ensi on>
</ xsd: conpl exCont ent >
</ xsd: conpl exType>

<xsd: conpl exType nane="Val ueVi sual i zati on">
<xsd: conpl exCont ent >
<xsd: ext ensi on base="Vi sual i zat i onEl ement " >
<xsd: sequence>

</ xsd: sequence>

</ xsd: ext ensi on>
</ xsd: conpl exCont ent >
</ xsd: conpl exType>

<xsd: conpl exType nane="Label Vi sual i zati on">

<xsd: conpl exCont ent >
<xsd: ext ensi on base="Vi sual i zat i onEl ement " >
<xsd: attribute name="spaci ng" type="xsd:float" />
</ xsd: ext ensi on>

</ xsd: conpl exCont ent >

</ xsd: conpl exType>

<xsd: conpl exType name="Mil tilineText Vi suali zation">
<xsd: conpl exCont ent >
<xsd: ext ensi on base="Vi sual i zati onBox" >

</ xsd: ext ensi on>
</ xsd: conpl exCont ent >
</ xsd: conpl exType>

<xsd: conpl exType nane="Scal el t ent' >

<xsd: conpl exCont ent >
<xsd: ext ensi on base="Vi sual i zat i onEl ement " >
<xsd: attribute nanme="cycl eDegree" type="xsd:float" />
</ xsd: ext ensi on>

</ xsd: conpl exCont ent >

</ xsd: conpl exType>

</ xsd: schema>
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